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Abstract
The health-related benefits of a high consumption of fruit & vegetables on a variety of 
diseases, including skeletal health have been advocated by health organisations. The 
effect of high acidity, weight-reducing diets on bone health also remains undefined
This project involved two key aspects: a population-based study and an intervention 
study. The principal aims of the population based study were to: (i) estimate the 
acid/alkaline potential of the diet in a representative group of British elderly from 
National Diet and Nutrition Survey (NDNS) datasets using several validated 
algorithms for calculating the potential renal acid load (PRAL) and estimated net 
endogenous acid production [NEAP], (ii) compare and characterise the 
aforementioned algorithms by specific nutrients/food groups likely to influence 
dietary acid load in the abovementioned population group and a representative sample 
of Irish adults (18-64 years) using North South Ireland Food Consumption Survey 
(NSDFCS) datasets. The principal aims of the intervention study were to: (i) quantify 
the dietary acidity characteristics of a low carbohydrate diet (LCD) versus a high fruit 
and vegetable (F&V) weight loss group and a weight maintenance (WM) control 
group using PRAL and estimated NEAP (ii) determine the short-term (6-months) of 
the aforementioned groups on bone turnover markers.
PRAL and estimated NEAP were measured using the aforementioned datasets. Values 
for both algorithms increased significantly with increasing age (PcO.OOl), except in 
the oldest age group for the elderly British population. Higher intakes of fruit and 
vegetables resulted in significantly lower dietary loading, conversely protein, meat and 
fish intakes were significantly associated with higher dietary acidity.
A total of 68 overweight/obese (BMI 27-40 kg/m2) men aged 21-65 years were 
recruited to follow either one of two diets: a LCD versus a F&V weight loss 
programmes and a WM group. Dietary intake, anthropometries, blood pressure, and 
fasting blood and urine samples were measured. Results showed the weight reducing 
diets were effective with weight loss and those subjects on the LCD diet had 
significantly higher levels of acidity. There was a significant decrease in dietary acid 
loading in F&V group at 6 months. No differences were found for markers of bone 
turnover in the LCD group compared to the other groups.
This study did not demonstrate a detrimental effect of high acidic-weight reducing 
diets on bone turnover markers. Further work is urgently required to examine the 
potentially detrimental effect of these diets in women as well as the effect of high 
F&V intakes on bone health indices.
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Chapter 1 
Introduction & Literature Review
1
1 General introduction
The condition osteoporosis was initially discovered by an English surgeon John 
Hunter during the 1770’s in the animal model and further observations in human jaw 
bone. However, it was not until the 1830s that osteoporosis was recognized by the 
German-French pathologist Jean Lobstein. Nevertheless, it was Fuller Albright who 
made the association between osteoporosis and post menopausal women in the 
1930’s (Patlak, 2001).
Today, osteoporosis is defined as a skeletal disorder characterized by compromised 
bone strength predisposing to an increased risk of fracture (National Institute of 
Health, 2000). The diagnostic criteria proposed by the WHO for osteoporosis is a 
bone mineral density (BMD) that is more than -2.5 SD below the young female adult 
mean for the population (WHO, 1994). However, many novel diagnostic methods 
have been recently developed for the measurement of bone mineral at multiple 
skeletal sites (Kanis et a l, 2007).
1.1 Public health importance of osteoporosis prevention
Osteoporosis is a major public health issue, both in terms of human sufferance and 
medical care costs. Moreover, osteoporosis is a silent disease whereby resorption 
exceeds bone formation, thus leading to a reduction in (BMD) with a consequent 
increase in porous bone (see Fig. 1.1) (Rizzoli et a l, 2007). Because of the 
symptomless nature of the disease, osteoporosis is frequently undiagnosed and hence 
often goes untreated until a fracture is detected. Recent epidemiological data from 
the National Osteoporosis Society (NOS) estimates that one in three women and one 
in twelve men over the age of 50 years will suffer from an osteoporotic fracture 
during their lifetime in the UK. Moreover, this figure may be as high as 1 in 5 men 
worldwide and has been suggested to be as high as 1 in 3 men in Australia over the 
age of 60 years (Eastell et a l, 1998; Diamond et a l, 2001).
Cooper and colleagues showed that the incidence of osteoporosis (see Figure 1.2) 
was predicted to be 1.7 million hip fractures a year in 1990 with the figure reaching 
over 6 million by 2050 (Cooper et al, 1992). More recently in 2000, there were 
approximately 3.8 million fractures due to osteoporosis, and the total direct cost has
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been estimated at £21.2 billion. Astonishingly, the projected incidence of 
osteoporosis will cost Europe £51.1 billion in 2050 (Kanis & Johnell, 2005). 
Consequently, there is an urgent requirement for public health strategies to reduce 
the predicted increase in osteoporosis in the global population, but particularly in the 
developing countries (Gullberg et al, 1997).
Figure 1.1 Normal vs. osteoporotic bone. Normal bone as seen in the left side of 
the picture and the more fragile osteoporotic bone on the right (Reproduced 
from New, 2002)
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Figure 1.2 Osteoporosis in context. (Reproduced from Cooper et al., 1992).
Public health strategies for optimising bone health throughout the life cycle are 
critically important. The major determining factor for osteoporosis is an individual’s 
genetic makeup (60-80%). Therefore, it is important to identify modifiable risk 
factors that contribute to bone attrition, and hence bone preservation. As an 
exogenous factor, nutrition is modifiable and therefore amenable to change. Nutrition 
also plays an important role in acid-base balance. Imbalances in acid-base 
homeostasis have implications for negative health effects such as growth retardation 
of babies, decline in sports performance and increased atrophy and loss of muscle 
mass (Greenhaff et al, 1988; Manz 2001; Mitch et al., 2004). A number of disease 
states including several nephrological diseases, such as urolithiasis and renal 
insufficiency, require the regulation of acid base homeostasis (Hess, 1990; Lemann, 
1999; Lemann, et al, 2000). Acid base balance may also have a relevant impact on 
bone health. A number of prospective studies have provided conflicting evidence that 
fracture incidence is related to higher protein intake (Albelow, 1992; Frassetto, 2000; 
Hannan et al, 2000; Promislow et al, 2002). However, a number of observational, 
experimental, clinical and intervention studies have proposed a positive correlation 
between fruit and vegetable consumption and skeletal health (for further details see 
introductory section of chapter 4).
1.2 Composition of bone tissue
Bone tissue is largely distinguished from other conjunctive tissues by the presence of 
specialized minerals and the bones’ capacity to undergo remodelling. The structural 
component of the organic matrix of bone comprises mainly of Type 1 fibrous 
collagen. This constitutes approximately 90% of the bone proteins, which includes 
glycoproteins, proteoglycans, osteocalcin and osteonectin. The inorganic phase of 
bone consists of Ca, phosphate (PO44), and carbonate (10:6:1) which is arranged in a 
crystallized form of hydroxyapatite [Caio (P0 4 )6 (0 H)2 ] and is situated inside and 
around the collagen fibres. The remainder of the mineral phase consists of Ca 
phosphate (CaPCU), Ca carbonate (CaCC>3 ), Mg phosphate (Mg3 (P O ^, Ca fluoride 
(CaF2 ) and Ca or Na chlorides (CaCl, NaCl) (Vaughan, 1981; Stevenson & Lindsay, 
1998).
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1.2.1 Bone Anatomy
Schematically, the skeleton consists of two types of bone tissue, classified according 
to their structure and function (see Figure 1.3). The cortical (compact) bone accounts 
for 80-85% of human adult skeleton. Cortical bone is found primary in the shaft of 
long bones and forms the outer shell surrounding cancellous bone at the end of joints 
and the vertebrae (metaphysis).
Growth p late
Fused growth plate
Figure 1.3 Schematic view of a longitudinal section through a growing long bone 
(Reproduced from Baron, 1999)
As can be seen from Figure 1.4 the primary structural difference is quantitative, 80- 
90% of the volume of cortical bone is calcified, and therefore it is much denser with 
a porosity ranging between 5% and 10%. Trabecular (cancellous) bone on the other 
hand is only 15-25% calcified, the remainder being occupied by bone marrow, blood 
vessels, and connective tissue with a porosity ranging anywhere from 50% to 90%. 
Trabecular bone is found in the end of long bones, in vertebrae and in flat bones such
as the pelvis. The main function of trabecular bone is regarded as metabolic whereas 
the role of the cortical bone is predominantly structural (Baron, 1999).
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Figure 1.4 Diagrammatic illustration of the different sites of trabecular and 
cortical bone (Reproduced from Baron, 1999).
1.3 Bone structure and function
The skeleton is a remarkable mass of connective tissue, which is approximately 9% 
of an individual’s body mass and represents 17% of their body weight (Arnett, 2003). 
It provides mechanical support, facilitating muscle action and locomotion, while 
providing protection to the vital organs (skull for brain and vertebrae for the central 
nervous system, rib cage for the heart and lungs). Furthermore, the skeleton acts as a 
giant storage vessel, containing 99% and 90% of the Ca and P respectively, along 
with other basic salts. Moreover, the skeleton plays an essential role in the 
preservation of extracellular homeostasis, and it is widely hypothesised that bone 
plays an important role in acid-base homeostasis (Sebastian et al, 1994; Barzel, 
1995; Remer et al, 2003) (see section 1.9 for further details).
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1.3.1 Bone remodelling
The development of the skeleton is relatively complex. It depends on the 
simultaneous activity of several different types of cells working together in close 
consort. Bone is not a static and inert structure; it is a metabolically active tissue, 
which is being constantly broken-down and renewed throughout life. The depletion 
and restoration of the extracellular tissue is fundamental to the maintenance of the 
bone architecture (Bain & Gross, 2005). Bone consists primarily of an extracellular 
matrix with interspersed specialized cells. There are three principal types of 
specialized cells, namely osteoblasts, osteoclasts, and the osteocytes. Osteoblasts, the 
bone-forming cells act in groups and work at bone surfaces where they secrete 
osteoid, modulating the crystallization of hydroxyapatite, and hence the laying down 
of new bone. Osteoclasts are responsible for bone resorption (destruction), a process 
involving dissolution of the mineral phase followed by degradation of the 
extracellular organic matrix (see section on bone turnover).
Bone remodelling corresponds to a cyclic process of erosion (duration of one to two 
weeks), followed by repair of micro-cavities along the bone structure (replacement 
by newly formed bone, duration of approximately three months). Conversely, in the 
case of modelling (period of growth), the resorption or the formation appear 
continuously over long periods and different sites. Moreover, bone turnover occurs at 
varying rates throughout the life cycle of an individual and depends on the concerted 
activity of the osteoblasts involved in bone accretion, as well as the cells involved in 
osteoclastic activity.
Additionally, osteocytes are osteoblasts that have become embedded within the 
mineralized region of the bone. They are involved in the sensing and translation of 
information regarding the internal bone matrix. Communication between osteoblasts 
and osteoclasts results in a controlled and coupled system of bone resorption 
followed by bone formation, resulting in the modelling of growing bone and the 
remodelling of existing bone (see Figure 1.5).
7
Figure 1.5 Bone remodelling cycle O Quiescence © Activation © Resorption © 
Reversal ©Formation© Mineralisation. (Reproduced from Coxam, 2002)
The cellular and humoral mechanisms that are responsible for mediating the coupling 
process (the bone remodelling process of resorption followed by formation) are still 
not clear. A number of hypotheses have been proposed to explain the coupling 
process. Over 30 years ago, Rasmussen and Bordier (1974) suggested that the 
osteoclast, once it had finished the resorptive phase of the remodelling process, it 
underwent fission to form mononuclear cells, which are the precursors of osteoblasts. 
However, it is now widely accepted that osteoclasts and osteoblasts have different 
origins. Osteoclasts arise from hematopoietic stem cells or at least stem cells in the 
marrow environment that have the capacity to circulate. Osteoblasts, in contrast, arise 
from mesenchymal (stromal) stem cells. Many researchers have favoured the notion 
that coupling is mediated locally by humoral factors acting through osteoblasts and 
other cells in the osteogenic lineage (Rodan et al, 1981). Recently, Locklin and 
colleagues suggested that an osteoblast-stimulating factor (such as insulin growth 
factor [IGF]-I, IGF-II, or transforming growth factor [TGF]-P under the influence of 
PTH) is released from the bone matrix during bone resorption and that the 
stimulation of osteoblastic activity leads to new bone formation (Howard et a l, 1981; 
Locklin et al, 2003). However, alternative and equally convincing mechanisms have
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also been proposed, such mechanisms are also under the influence of a myriad of 
hormones (Mundy et al., 1999).
1.4 Biochemical markers of bone health
Biochemical markers of bone health have been used for over two decades. The 
discovery of newer biochemical markers has revolutionised the ease at which clinical 
researchers can evaluate osteological pathologies [metabolic bone diseases] earlier in 
the developmental stages. Several studies have shown that the newer bone turnover 
markers are more sensitive than the earlier conventional markers for detecting 
anomalies in bone turnover rates. The newer range of bone turnover markers have 
been mostly used in the detection of osteoporosis in postmenopausal women, as the 
more conventional markers of bone turnover are less sensitive and therefore less 
precise at detecting subtle changes in bone metabolism (Delmas et al., 2000). 
Throughout the human life cycle, bone tissue is continuously being removed and 
replaced by a coupling process of bone resorption and formation. Several various 
biochemical markers of bone turnover are available for clinical use in research (see 
Table 1) (Khosla & Kleerekoper, 2003). Furthermore, they are a non-invasive and 
relatively inexpensive measure of bone remodelling rates.
Currently biomedical markers of bone turnover can be measured in blood or urine 
can classified into 3 groups (i) proteins or enzymes that are secreted by cells that are 
involved in the remodelling process (ii) degradation products due to the resorption of 
old bone matrix and metabolism (iii) circulating by-products created during the 
synthesize of new bone (Watts, 1999).
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Table 1.1 Biochemical markers of bone turnover (Adapted from Khosla & 
Kleerekoper, 2003).
Marker Bodily fluid
Bone formation
Bone specific alkaline phosphatase (BSAP) 
Osteocalcin (OC)
Carboxyterminal propeptide of type I collagen (PICP) 
Amino-terminal propeptide of type I collagen (PINP)
Serum
Bone Resorption
Cross-linked C-telopeptide of type I collagen (ICTP) 
Tartrate-resistant acid phosphatase, (TRACP) 
N-telopeptide of collagen cross-links (NTx) 
C-telopeptide of collagen cross-links (CTx)
Serum
Hydroxyproline
Free and total pyridinolines (Pyd)
Free and total deoxypyridinolines (Dpd) 
N-telopeptide of collagen cross-links (NTx) 
C-telopeptide of collagen cross-links (CTx)
Urine
1.4.1 Bone formation markers
Bone formation markers can be categorized as either direct- or indirect-components 
(proteins) of active osteoblasts produced during different phases of bone formation. 
All biological markers of bone turnover are analyzed in serum or plasma as tabulated 
in Table 1 (Delmas et al., 2000).
(a) Bone specific alkaline phosphatase (BSAP)
Total alkaline phosphatase (AP) is a ubiquitous enzyme found circulating in several 
tissues, including intestine, spleen, kidney, placenta liver, bone, and or from various. 
Bone alkaline phosphatase has generally been a difficult assay to perform, i.e. from a 
technical point of view, but with the discovery of relatively specific monoclonal 
antibodies has led to novel immunoassays (Gamero & Delmas, 1993). The most 
recent advancement in this assay is a capture immunoassay that measures enzyme 
activity, thus allowing direct comparisons with total alkaline phosphatase 
measurements (Gomez etal., 1995).
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(b) Osteocalcin (OC)
Osteocalcin is non-collagenous protein found in the extracellular matrix of bone and 
dentin. It is secreted by osteoblasts and plays a role in bone mineralization and Ca 
ion homeostasis. Osteocalcin, in its fully functioning form, has three gamma- 
carboxylated side chains which require vitamin K for their synthesis. Osteocalcin is 
relatively unstable in serum and is cleaved within a C-terminal site. It is therefore 
important to use assays which recognize these cleaved products (Gamero et al., 
1994).
(c) Carboxy-terminal propeptide of type I collagen (PICP & PINP)
More than 90% of bone matrix proteins are found as collagen type 1 in the form 
amino- n and carboxyl- (C-) terminal extension peptides. Collagens are the main 
product of osteoblasts and therefore are a good choice of bone formation markers. 
However, type I collagen is produced by other tissues such as the skin, hepatocytes 
and muscle cells.
Several immunoassays for PICP and PINP have been manufactured; however, they 
show low specificity at differentiating between normal and abnormal states. The 
theoretical reasoning is that current assays are not sensitive enough to specifically 
distinguish circulating peptides from collagen of soft-tissue and bone matrix (Melkko 
et al., 1990). Moreover, there remains some debate regarding which molecular forms 
of PINP should be measured in the chemical analyses, as some smaller metabolites 
that were initially thought to be degradation products are now considered to represent 
single chain structures of PINP (Melkko et al., 1996).
1.4.2 Bone resorption markers
The biological process of bone resorption encompasses both osteoclast activity and 
collagen metabolism. Because of the high content of collagen type I in the bone 
matrix (>90%), this is the primary source of analytes [from collagen degradation] for 
monitoring bone resorption. There are several commercially available bone 
resorption markers, including tartrate-resistant acid phosphatase (TRACP), specific 
degradation products of type 1 collagen, total pyridinolines (Pyd) and free and total
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deoxypyridinolines (Dpd), and the telepeptides e.g. N-terminal (NTx)and C-terminal 
(CTx) telopeptide of collagen cross-links.
(a) Tartrate-resistant acid phosphatase (TRACP)
Acid phosphatase is group of heterogeneous lysosomal enzyme that is frequently 
found in a number of tissues, including bone, prostate, platelets, erythrocytes, and the 
spleen. Tartrate resistant acid phosphatase is an enzyme synthesized by osteoclasts 
required in the initial step of bone matrix resorption. The measurement of its serum 
level involves the use of isotype specific antibodies following the dissociation of the 
circulating enzyme from its high-M, Ca-containing complex (Halleen et al., 1998).
(b) Collagen type I cross-linked C-telopeptide (CTx)/ N-telopeptide (NTx)
This group of bone resorption markers includes the pyridinium collagen crosslinks 
Pyd and Dpd and the peptides associated with the amino- and carboxyl-terminals of 
the telopeptides. During collagen degradation Pyd and Dpd telopeptides are released 
into the circulation and are further metabolized by the liver and kidneys. Because 
cross-link telopeptides are only found in mature collagen, the excretion of these 
molecules in urine reflects degradation of mature collagen and does not represent 
newly formed bone collagen (Watts, 1999). Accordingly, a number of rapid and 
relatively inexpensive methods for assessing urinary bone resorption markers have 
been developed to quantify the aforementioned markers of bone matrix degradation. 
Consequently, urine contains both free Pyd and Dpd (approximately 40%) and 
peptide-bound Pyd and Dpd (approximately 60%) (Black et al, 1988). The “gold 
standard” for measuring urinary Pyd and Dpd is assays that measure both free and 
total Pyd and Dpd (following acid hydrolysis of the urine sample), followed by 
fluorometry where the extracted samples are then injected into the HPLC system 
(Robins et a l, 1994). Despite the laborious procedure the assay for pyridinium collagen 
cross-links is useful as a sensitive and specific marker of bone resorption and may assist 
the clinician in the selection of treatment, and prediction of response to the course of 
treatment in osteoporotic patients (Riggs, 2000; Swaminathan, 2001).
On a cautionary note, some bone turnover markers may reflect to some degree both 
bone formation and resorption markers. Additionally, nearly all biochemical markers 
of bone turnover are found in other bodily tissues aside from bone and may therefore 
be influenced by an alternative metabolic process. Moreover, an alteration in bone
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turnover markers is not indicative of disease states, but is reflective of perturbations 
in bone metabolism independent of causation (Khosla & Kleerekoper, 2003). In 
conclusion, biochemical markers of bone turnover have a practical use in that they 
can be reasonably inexpensive, and can be commercially obtained quite rapidly. Such 
indices of bone health are useful in providing additional evidence in evaluating the 
impact of foods and food components on indices of bone health. However, with the 
presently accepted state of knowledge, they cannot be considered by themselves as 
primary indicators of skeletal health or as a proxy of change in fracture risk (Prentice 
et al., 2003).
1.5 Determinants of bone mass
The main determinants of bone mass include genetic, race, gender, nutrition, 
endocrine, physical activity and other lifestyle and environmental factors (see Figure 
1.6). While it is clear that genetic factors play the dominant role, some researchers 
suggesting effects of between 60-80% on the variance in peak bone mass (PBM) it is 
important to identify the aforementioned modifiable risk factors that contribute to 
bone loss (Sambrook et al., 1996).
Genetics, race, gender
Nutrition Endocrine
Smoking, Drugs. 
Disease
Physical Activity, 
Environment
Figure 1.6 Factors influencing bone mass
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PBM is a significantly important determinant of osteoporotic fracture risk, it can be 
defined as “the amount of bony tissue laid down at the end of skeletal maturation” 
(Bonjour etal., 1994). PBM is achieved at different time-points and at different sites 
of the skeleton and Rizzoli and colleagues have proposed that PBM is under the 
influence of genetic and/or environmental factors (Rizzoli & Bonjour, 1999). 
Therefore, primary prevention strategies for osteoporosis and associated fractures 
consist of increasing bone mass acquisition during skeletal growth.
During human development, the amount and quality of the skeleton (measured as 
BMD) reflects everything that has happened from uterine existence through to the 
important years of growth, notably adolescents (where 40% of bone Ca is deposited 
in the skeleton). PBM is achieved by the age of 25-30 years. Subsequently, there is a 
period of consolidation where changes in bone mass are stationary, (bone resorption 
equals bone formation) after which time progressive loss of bone predominates. 
Figure 1.7 illustrates graphically how and why achieving a maximal PBM is 
protective against late-onset fragility fractures. Although greater emphasis has been 
usually placed on several factors known to directly influence adult bone loss, there is 
a universal consensus that fetal development is an equally important stage (Heaney et 
al., 2 0 0 0 ).
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Figure 1.7 Diagrammatic representation of important factors that influence 
bone mass attainment (Reproduced from Heaney et al., 2000).
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1.6 Definition of acid-base terminology
1.6.1 Acids and bases
According to Br0 nsted Classification of acids and bases, a chemical substance that 
can release or donate hydrogen ions (H+) is called an acid and a substance that 
combines with or accepts hydrogen ions is called a base. When an acid dissociates in 
a solution, it yields a free H+ and its conjugate base (OH'). The Acid Dissociation 
Constant (Ka) is the equilibrium constant for the reaction in which a weak acid is in 
equilibrium with its conjugate base in aqueous solution. The acid dissociation 
constant indicates the strength of an acid: the higher the dissociation constant, the 
more an acid is ionized and the greater is its strength. The concentration of H+ in a 
solution is usually given as pH, which is a negative logarithm of the H+ concentration 
when expressed as moles/L (Rhoades & Tanner 1995). pH in an indicator of the 
degree of acidity or alkalinity of a solution. As the concentration of the H+ increases, 
the pH goes down and the solution becomes more acidic, conversely a decrease in H+ 
concentration causes the solution to become more alkaline leading to an increase in 
pH (Thibodeau, 2003).
Acids in mammals fall into two groups: carbonic acid (H2 CO3 ) and all other acids 
(so-called nonvolatile acids). All can be products of the metabolism. Carbonic acid is 
in equilibrium with the volatile gas CO2 , which leaves the body via lungs, whereas 
the other acids in the body are not directly affected by breathing. The nonvolatile 
acids are buffered in the body and then excreted by the kidneys (see section on acid 
base regulation) (Rhoades & Tanner 1995). Mammalian cells are very sensitive to 
changes in H+ concentration in both the intracellular and extracellular fluid, because 
the intracellular pH depends in part on the extracellular pH. Nevertheless, they are 
not identical. The normal pH of the human arterial blood is (7.4 ± 0.05). In the 
venous blood it is slightly lower because of the higher concentration of carbon 
dioxide (CO2 ). Intracellular pH values are lower than that of the extracellular fluid 
and range from 6 . 8  to 7.3 depending on the tissue and its metabolic rate. When 
arterial pH is below 7.40, the condition is called acidosis, when the pH is above 7.40 
it is known as alkalosis (Ganong, 1981) (see section 1.7.2 for further details).
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1.6.2 Buffers
The formidable regulation of the acid-base homeostasis in healthy humans is due to 
the presence of substances namely weak acid or bases called buffers. Buffers are 
aqueous systems that minimize changes in the pH when small amounts of H+ or OH' 
are added to solution. A buffer system consists of a weak acid (proton donor) and its 
conjugate base (proton acceptor). Whenever, H+ or OH" is added to a system there is 
a small change in the ratio of the relative concentrations of the weak acid and it anion 
leading to a small change in pH. In humans, buffers which are mainly weak acids are 
capable of releasing H+ so that perturbations in free H+ concentrations are minimized 
(Lehninger, 1993; Rose, 2001).
Table 1.2 Variations in and regulation of acid-base balance (Reproduced from 
Weisberg, 1962).
AcidicECF (‘acidosis’) Normal Physiological 
conditions
BasicECF
(‘alkalosis’)
pHofECF < 7.35 7.35-7.45 >7.45
[H*] of ECF >45 45-35 <35
Conjugate acid and base 
components in the ECF A' + H+ U A'-i-HT ^  A' + lE
Proton and base concentration in 
the ECF
Protons dominate anion 
base concentration
Protons and anion base 
in or near equilibrium
Anion base dominates 
proton concentration
Acidosis and alkalosis are both classified as either metabolic or respiratory, 
depending on whether it is bicarbonate (HCO3 ') (metabolic) or carbon dioxide 
(pCC>2 ) (respiratory) that primarily deviates from the normal range in blood (Martin 
et al, 1981). In metabolic acidosis HCO3 ' and thus plasma pH (hydrogen 
concentration) fall, in alkalosis they rise. In respiratory alkalosis pCC>2 value and thus 
the carbonic acid concentration falls and pH rises (Martin et al., 1981) and vice versa 
in respiratory acidosis.
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1.7 The importance of maintaining acid-base balance
Acid-base balance is one of the most important homeostatic mechanisms in the 
human body. Maintenance of acid-base homeostasis is tightly regulated in the ECF at 
pH (7.4 ± 0.05). Almost every biological process in the human body is dependent on 
the acid-base balance. Even small perturbations in pH can have a powerful effect on 
cellular function. All proteins in the body are influenced by the pH of the 
surrounding ECF and the slightest perturbation in acid-base balance can cause 
conformational change to the tertiary and quaternary protein structure. This can lead 
to impairment in protein function, the action of some hormones (Bichara et al., 1990) 
and the denaturation of enzymes which consequently alters the rate of some crucial 
chemical reactions (Arnett & Spowage, 1996; Drage & Wilkinson, 2001; Sirker et 
al., 2002). Therefore, maintenance of the acid-base balance is primordial for 
survival.
1.7.1 Regulatory mechanism of acid-base balance in man
When the human body is confronted with an excess of hydrogen ions from the diet, 
several mechanisms regulating acid-base homeostasis are employed to maintain 
normal blood pH as illustrated in Figure 1.8 (Remer, 2000).
The aforementioned figure illustrates schematically the interaction of the different 
organs in acid-base regulation. Blood pH is buffered initially by plasma proteins, i.e. 
haemoglobin (histamine residues) and the CO2 -HCO 3  system. The initial organ with 
an important role in acid-base homeostasis, after the ingestion of food is the intestine. 
The intestine is not directly involved in acid- or base-generation, however depending 
on the composition of the diet, it regulates the blood bicarbonate level by increasing 
the amount of alkali (in the form of pancreatic secretion) that is reabsorbed (see 
Figure 1.9). Furthermore, the gut determines the absorption rates of sulphur 
containing amino acids and alkali salts.
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Figure 1.8 Interaction of organs in acid-base homeostasis. (H +, hydrogen ions; 
OH-, primarily HC03); AA-S =sulphur-containing amino acids, OA = alkali 
salts of non-metabolizable organic acids (Adapted from Remer, 2000).
The liver also has an important role in acid base balance as it produces large amounts 
of hydrogen and alkali ions by oxidizing the absorbed sulphur-containing amino 
acids and alkali salts, and therefore contributing to the diet-derived acid-base pool in 
blood (see Figure 1.10).
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Figure 1.10 Contribution of hepatic metabolism of sulphur-containing amino 
acids AA-SH and metabolizable organic acids (OA) in the formation of acid and 
base (Reproduced from Remer, 2000)
The lungs are able to modify the blood pH within a narrow range by changing the 
rate at which CO2  is exhaled. The process is regulated by the respiratory centre in the 
brain stem, which responds to changes in pH and PCO2  in cerebrospinal and arterial 
blood. Nevertheless, this process has little effect on the loss or gain of hydrogen ions 
and hence the acid-base pool (Jardine & Kirkpatrick, 1999; Remer, 2000; 2001).
One of the most important tasks of the kidneys is the elimination of nonvolatile 
acids, which are produced endogenously from the diet. The kidneys are also capable 
of regenerating lost bicarbonate, thus assisting in the restoration of the circulating 
bicarbonate pool. Most importantly, the kidneys are unable to excrete urine lower 
than pH 5, therefore other buffer systems must come into play to restore acid-base 
status in man.
Bone plays a significant role in acid-base homeostasis, as it is able to contribute 
alkaline buffering mineral salts. K and Cl are confined to the hydration shell and are 
most rapidly and completely exchangeable. Mg, Na, citrate and carbonate can 
penetrate the surface of the crystal lattice and are less exchangeable. Finally, Ca and 
phosphate (PO4 ) can penetrate the crystal interior and are most slowly exchangeable 
(see Figure 1.11). However, over time, this process will lead to the dissolution of the
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bone mineral content, and hence a reduction in bone mass (Green & Kleeman, 1991; 
Barzel, 1995; Buclin, 2001).
P T HP T H
H P O
Figure 1.11 Schematic diagram of the mechanisms by which protons lead to the 
release of bone calcium and are buffered by the bone mineral during chronic 
metabolic acidosis (Adapted from Bushinsky & Frick, 2000).
1.7.2 Importance of the acid-base ratio
The importance of the acid-base balance in man has been attaining increasing 
relevance in the literature (New, 2002a).
Disturbances of acid-base balance in the body are classified as either acidosis 
(leading to an acid environment) indicating an excess of H+ ions, or alkalosis leading 
to a reduction in H+ ions and hence a more alkali environment. Examples of 
substances that contribute to acidosis include, nutrients such as sulphate. Cl, P, 
whereas bicarbonate and the minerals Na, K, Ca and Mg promote alkalosis. Acidosis 
primarily leads to acidaemia (acidification of the blood), which may lead to a number 
of renal diseases if the condition is allowed to progress (Remer & Manz, 1995; 
Jardine & Kirkpatrick, 1999). In contrast, a person with alkalosis displays symptoms 
including that of nausea, vomiting, diarrhoea, a rapid heart rate, and a drop in blood 
pressure. These latter symptoms if left untreated can lead to more severe conditions 
such as renal and heart failure. Such disturbances of acid-base balance are relevant to 
bone health too. In vitro studies have shown that there is an induced Ca efflux from
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bone due to metabolic-acidosis (Bushinsky & Frick, 2000). Conversely, a moderate 
increase in alkaline equivalents has been shown to reduce bone resorption, increase 
bone formation, and improve Ca balance in postmenopausal women (Sellmeyer et 
al, 2 0 0 2 ).
1.8 Nutritional factors influencing acid-base balance
Nutrition has long been known to strongly influence acid-base balance in humans 
(Remer, 2000). Since the beginning of the 20th century researchers have tested the 
hypothesis that the sum of the protein, Cl, P, and sulphur content of a given food 
determines its acid forming potential, whereas the sum of the Na, K, Ca and Mg 
content determines the alkaline forming potential of the food (Remer, 2000). 
Nutritional factors are of particular importance to health, as they are modifiable 
(Tucker et al, 1999). There is growing scientific evidence to suggest that nutrients 
other than Ca and vitamin D are of importance in the acquisition of BMD. Higher 
intakes of the micronutrients, notably K, Mg, and fruit and vegetables have been 
associated with a more alkaline environment in the human body, and therefore 
having a beneficial effect with regard to bone health (New et al., 2000b). Protein is 
an important macronutrient contributing to BMD; however it has an acidic effect on 
bone, which is thought to be undesirable. More precisely, two mechanisms come into 
play; on the one hand, the protein excess induces an increase in the renal Ca 
excretion (stimulation of glomerular filtration) and on the other hand, the metabolism 
of the sulphur amino acids (methionine and cysteine) generates an acid load, which 
results in a reduction in blood and urinary pH (Barzel, 1995; Frassetto et al, 1996; 
Reid & New, 1997).
1.8.1 Dietary intake and acid/alkali loading
At regular intervals through-out the day, humans consume foods that once broken 
down and metabolized are converted into various nutrients and other dietary 
components. During such chemical modification, food particles generate or consume 
protons (Bushinsky, 1998; Bushinsky & Frick, 2000; Bushinsky, 2001). 
Consequently, adult humans consuming a typical Western diet may generate 
approximately 1 mEq of acid/kg/d (Kurtz et a l, 1983).
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Table 1.3 The generation of acid and/or base equivalents (Adapted from 
Bushinsky, 2001).
Acid maybe generated by the following reactions:
Methionine or cysteine —► glucose + urea + S04 ' + 2 H+
Arginine+ —» glucose + urea + H+
R-H2 P04  + H20 -> ROH + 0.8 HP042'/O.2 H2 P04  + 1.8 H+
Acid maybe consumed (equivalent to base being generated), by the following 
reactions:
Glutamate' + H+—► glucose + urea 
Lactate' + H+ —> glucose + CO2  
Citrate' + 4.5 0 2  -> 5C02  + 3H20 + HC03'
Moreover, diets richer in acid precursors are associated with a greater degree of 
systemic acidity (Kurtz et al., 1983). Interestingly, Lemann has estimated that the 
average diet consumed by American healthy adults generates approximately 50 
mEq/d, a value very similar to the findings of Gannon and co-workers with median 
values for NEAP of 47.9 (10.7) mEq/d (Lemann, 2001; Gannon et al., 2008). 
Rylander and colleagues measured urinary acid excretion in a population of 400 
elderly subjects (aged 55-75y) with a mean of 60.0 ± 27.0 mEq/d, (Rylander et al., 
2006) a value similar to previous reported measurements (Remer & Manz, 1994). 
Frassetto and colleagues showed that the reasoning behind the higher values found in the 
Swedish study was that the participant had lower intake of vegetable to animal protein 
(Frassetto et al, 2000). Gannon and colleagues using the NDNS dataset of the British elderly 
has shown that those participants consuming a lower intake of fruit and vegetables and a 
higher consumption of beef and veal (and dishes made from them) live in Scotland and 
Northern England. (Gannon et al., 2008).
Interestingly, Wachman and Bernstein hypothesized 40 years ago that consuming a 
typical western diet may result in the lifelong utilization of the buffer salts found in 
bone leading to bone fragility and osteoporosis (Wachman & Bernstein, 1968).
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1.9 Importance of bone in acid-base balance
The role that the skeleton plays in acid-base homeostasis has been gaining increasing 
relevance in the literature, there are references regarding the role that bone mineral 
may play in the defense against acidosis dating back to the 19th century (New, 
2 0 0 2 a).
During recent years, it has been recognized that the acid-base ratio plays an 
important role in bone health. Perturbations in acid load seem to be of significant 
importance to skeletal health (Barzel, 1995).
The skeleton has been aptly called a "giant ion exchange column" as it contains an 
abundance of alkali buffer, which may be used in the buffering of an acidic 
environment. Interestingly, Green & Kleeman (1991) suggested that bone has a more 
active role in acid-base buffering while the skeleton is actively growing, that is 
particularly during youth (infancy, childhood, and adolescence). Conversely, in 
adulthood where the bone remodelling process is slower, bone plays a much lesser 
role in acid-base homeostasis (Green & Kleeman, 1991; Barzel, 1995).
It has been suggested that almost all the aforementioned bone minerals are released 
due to osteoclastic activation, which results in increased bone resorption and 
concomitant bone loss. Interestingly, an increase in acid load suppresses the activity 
of the osteoblasts, the cells that mediate bone formation (Krieger et al., 1992; Barzel, 
1995; New, 2002).
Novel in vitro studies conducted by Arnett & Dempster (1986) demonstrated a direct 
enhancement of osteoclastic activity following a reduction in extracellular pH, as 
illustrated in Figure 1.12. Moreover, even a small change in pH, close to the 
physiological level (pH 7.4) results in a strong stimulus for osteoclastic activity 
(Arnett & Spowage, 1996).
24
6r
E=L
(D.Q
o
CO
<Di—
CO
CD
7-4 7*2 7-0 6-8
pH
Figure 1.12 Increase in osteoclastic activity with a reduction in extracellular pH. 
Mean values were significantly different from that at pH 7.4.*P< 0.05, **P<
0.01. (Reproduced from Arnett & Dempster, 1986).
Bushinsky and colleagues have demonstrated that the acidification of bone may not 
be solely due to osteoclastic activity. They have shown that cultured osteoblasts 
demonstrate reduced collagen synthesis and mineralization in an acidic environment 
(Bushinsky, 1995; Frick & Bushinsky, 1998). Furthermore, other studies conducted 
in the animal and human models have demonstrated that an acid environment is 
associated with a negative Ca balance and increased bone loss (Lemann et a l, 1966; 
Barzel & Jowsey, 1969; Tucker et al, 2001). Conversely, a number of studies have 
demonstrated a positive association between the consumption of alkali-forming foods 
such as fruit and vegetables and bone health (New et al, 2000b).
Interestingly, Buclin and associates (2001) have examined the effects of dietary 
modification and bone metabolism. An acid environment significantly increased 
urinary Ca excretion by 74% and urinary C-telopeptide (a reference marker of bone 
resorption) excretion by 19% when compared with an alkali-generating diet, both at 
baseline and after an oral Ca load. Therefore, identifying foods that contribute to an 
acidic or an alkali environment in the body could have clear public health 
implications with regard to reducing the incidence of osteoporotic fracture (Buclin et 
al, 2 0 0 1 ).
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1.10 Measuring the acid-base status in humans
Since the beginning of the last century, a number of methodological studies have 
been instigated, to adequately assess the acid loads produced by the dietary intake of 
foods. The gold standard for acid-base research is the collection of 24-h urine 
samples. However, this technique is inappropriate for population-based studies, as 
experimental diets with well-defined intakes must be conducted. During such diet 
experiments specific food items, should be isocalorically replaced by the food of 
interest. Therefore, a number of alternative methods have been developed and 
utilized which look at in vitro methods. Such methods allow the determination of the 
acid-base ratio for single products and whole diets (Remer, 2002; personal 
communication Remer et al, 1995; Remer et al, 2003).
During the past few decades, a number of researchers have used in vitro methods that 
are inappropriate to specifically determine the acid or alkaline producing potential of 
the diet (Dwyer et al, 1985). Recently, Frassetto and colleagues have measured the 
net endogenous non-carbonic acid production (N E A P ) using the diets of normal 
adults. This method which is based on the dietary protein to K ratio (using normal 
diets of healthy individuals) can be used to measure the acid-base ratio (Frassetto et 
al, 1998). Once again, this method has limitations when estimating the acid-base 
ratio of whole diets, because of the reasons mentioned above, moreover it does not 
take into account the absorption rates of these nutrients. Therefore, a more accurate 
measurement of the acid-base ratio called the potential renal acid load (P R A L ) has 
been determined using a calculation model developed for the prediction of N A E  by 
Remer and Manz (1994; 1995). The original P R A L  algorithm (which will be referred 
to as PRALoriginai throughout the thesis) is a physiological derived method used to 
estimate the acid-base ratio of single products and whole diets. PRALoriginai gives a 
more accurate estimation of the acid load generated in the body because it takes into 
account the mineral and protein (metabolizable SO4 content) composition of foods or 
diets, and the average intestinal absorption rates of the respective nutrients. 
PRALoriginai and hence the dietary acid load of a food product or a whole diet can be 
calculated when the nutrient data for protein, P, Cl, Mg, Ca, Na is known (Remer & 
Manz, 1994; Remer & Manz, 1995). Furthermore, a newer P R A L  calculation model 
(which will be called P R A L Shortened throughout the thesis) has been formulated by 
Remer and co-workers (2003) that relies on only four nutrients (protein, P, Mg and
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K), however Ca can also be included (Remer personal communication, 2003) 
(section 2.3 explains how the different algorithms were derived)..
1.10.1 Determination of the acid-base ratio in foods
Determination of the acid-base ratio of foods contributing to the overall diet 
consumed by individuals and population groups is a practical and useful method 
when assessing the role of the skeleton in acid-base homeostasis (New, 2002a). 
Remer & Manz have estimated PRAL in a variety of foods items using the nutrient 
data per lOOg of food for protein (methionine, cysteine), P, Cl, K, Mg, Ca, and Na. 
Table 1.4 provides an overview of the PRAL values found in a variety of commonly 
consumed foods (Remer & Manz, 1995).
Table 1.4 Potential renal acid load (PRAL) values of a variety of foods and food 
groups (Reproduced from Remer & Manz, 1995).
Food or food group
PRAL
mEq/100 g edible portion Food or food group
PRAL
mEq/100 g edible portion
Fruits and fruit juices: Milk, dairy products and eggs:
Apples -2-2 Milk (whole, pasteurised) 0-7
Bananas -5-5 Yoghurt (whole milk, plain) 1-5
Raisins -21-0 Cheddar cheese (reduced fat) 26-4
Grape juice -1-0 Cottage cheese 8-7
Lemon juice -2-5 Eggs (yolk) 23-4
Vegetables: Meat, meat products and fish:
Spinach -14-0 Beef (lean only) . 7-8
Broccoli -1-2 Chicken (meat only) 8-7
Carrots -4-9 Pork (lean only) 7-9
Potatoes -4-0 Liver sausage 10-6
Onions -1-5 Cod (fillets) 7-1
Grain products: Beverages:
Bread (white wheat) 3-7 Coca Cola 0 4
Oat flakes 10-7 Coffee (infusion) - 1 4
Rice (brown) 125 Tea (Indian infusion) -0-3
Spaghetti (white) 6-5 White wine -1-2
Cornflakes 6-0 Red wine -2-4
Negative PRAL values: Balancing and having a positive effect on bone health. 
Positive PRAL values: Unbalancing and having a negative effect on bone health.
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1.10.2 Nutritional factors influencing acid base and bone health
The scientific evidence demonstrating that human nutrition has a very important role 
to play with respect to bone health is well documented in the literature. The 
identification of nutritional factors that contribute to bone attainment is particularly 
important for the prevention of osteoporosis, as such factors are modifiable. When 
reviewing the literature it is evident that there is a plethora of studies associating Ca 
and vitamin D with osteoporosis risk. In fact, osteoporosis is probably best 
considered a nutrition related bone disease (Smith, 2000).
The method continually used to study the relationship between nutrition and bone 
health has been to focus on specific (Ca and vitamin D), or a variety of nutrients 
habitually consumed in the diet. However, it is difficult to distinguish the effect of 
specific nutrients on bone accretion as interactions between nutrients and other 
components of the diet may have a direct effect on the bioavailability of a particular 
nutrient. Furthermore, nutrients found in food sources when consumed at the same 
meal can have either a synergistic effect (Mg, Ca, K) or an antagonistic effect 
(phytate and Ca). An alternative approach could be to consider the foods we 
consume rather than the nutrients contained within them, as most people are more 
familiar with foods rather than food constituents. Nevertheless, such studies have 
assisted us in our understanding of specific nutrients (Ca and vitamin D) and their 
effect on bone health, however there are still considerable gaps in our knowledge 
(DHSS, 1998; New, 2000).
1.10.3 Ca and bone health
Ca is the most abundant mineral element in the human body. It is an essential 
mineral necessary for the normal growth and development of the skeleton. Ca is also 
involved in a number of metabolic events such as enzyme activation, muscle 
contraction, neurotransmission etc. The Ca content of a human infant at birth is 
approximately 25-30g, this will increases to about 900g in an adult female, and 1.2 
kg in an adult male. Ninety nine percent of which is found in the skeleton and the
28
teeth (7g); the residual 1% of Ca is distributed between the soft tissues and the 
extracellular fluid, including plasma. Ca plays a vital role in regulating many critical 
mechanisms, including the conduction of nerve impulses, muscle contraction, cell 
division, and enzyme activity. So critical is the role of Ca in the body that Ca 
homeostasis is tightly regulated at 2.25-2.60mM (9-10.4 mg per lOOmg) in plasma; if 
insufficient Ca is obtained from dietary sources, then Ca is withdrawn from the 
bones to keep the blood levels constant. An array of factors control Ca homeostasis 
as outline in Figure 1.13. Ca homeostasis is dependent on the difference between 
consumption and excretion of the mineral and is under the influence of the skeleton, 
the intestine, and the kidney. Changes in Ca metabolism is controlled by the action of 
the calciotrophic hormones, parathyroid hormone (PTH), l,25(OH)2Dand calcitonin. 
Such changes are also influenced by growth hormone (GH), sex hormones 
(oestrogen and testosterone) and prostaglandin. Physiological factors will also affect 
Ca homeostasis, such as growth, pregnancy, lactation, diet, disease and ageing 
(Smith, 2000).
Calcium intake 
(1000 mg/day)
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Bone
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Absorption 
f (350 mg/day) Deposition *- (500 mg/day) 
   ^
Secretion 
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Figure 1.13 The effect of the major hormones on calcium homeostasis in the 
adult (Adapted from Smith, 2000).
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1.10.4 Protein and bone health
There is a lot of controversy surrounding the effect of protein on bone growth, 
particularly in population groups with low Ca intakes. Numerous studies have shown 
that excess dietary protein intake is associated with increased urinary Ca loss. In the 
majority of these studies, it has been estimated that there is a 1 mg rise in urinary Ca 
for each 1 g rise in dietary protein (Kerstetter & Allen, 1990). The catabolism of the 
sulphur-containing amino acids methionine and cysteine (from the production of 
sulphuric acid) from metabolizable proteins is strongly associated with the observed 
urinary Ca loss. A plausible hypothesis for such an observation is the accompanying 
increase in renal net acid excretion (RNAE) which may be buffered by the basic salts 
found in bone after consuming a diet rich in animal and vegetable proteins (Massey 
& Whiting, 2003). However, many of the early studies that demonstrated the 
calciuric effects of protein were limited by low subject numbers, methodological 
errors, and the use of high doses of purified forms of protein (Hannan, 2001; Ginty, 
2003).
The calciuric effect of dietary protein was also thought to provide the mechanistic 
basis for the association found between cross-cultural hip fracture incidence in post­
menopausal women and animal-protein intake (Abelow et al, 1992). The highest 
rate of hip fracture was found in industrialized Western countries, which had animal- 
protein intakes per capita of between 60 and 80 g/d. Conversely, the lowest 
incidence occurred in indigenous Asian and African populations in which animal- 
protein intakes were considerably lower. Frassetto and colleagues conducted a 
similar cross-country analysis in thirty-three countries and reached a similar 
conclusion with the additional finding that hip fracture incidence was inversely 
related to vegetable-protein intake. There are a couple of obvious limitations to both 
studies, such as the poor applicability of population food consumption data to post­
menopausal women and differences in ethnicity. However, in an attempt to include 
such confounding factors (differences in bone structure, genotype), Frassetto and 
colleagues limited the analysis to predominantly Caucasian populations, and the 
positive association between hip fracture rate and animal-protein intake remained 
(Frassetto et al., 2000).
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Additionally, two prospective studies have provided evidence that fracture incidence 
is related to higher protein intake (Feskanich et al, 1996; Meyer et al, 1997). The 
Nurse's Health Study was a 12-year survey of 85, 900 women aged 35-59 years. 
Protein intake was assessed by a mailed food-frequency questionnaire at three time- 
points (baseline, 4 years, and 6 years) and fracture incidence was self-reported ever 
two years. Women who consumed >95 g total protein (i.e. animal and vegetable 
protein/d) had a greater risk of forearm fracture compared with those who consumed 
<68 g/d. A higher intake of vegetable protein alone was not associated with increased 
risk, but women consuming five or more servings of beef, pork or lamb had an 
increased risk of forearm fracture compared with women who consumed less than 
one serving per week (Feskanich et al, 1996). Meyer and co-workers (1997) found 
no association between non-dairy animal-protein intake and hip fracture incidence in 
a prospective study of thirty nine thousand Norwegian men and women aged (35-49 
years at baseline) conducted over an average period of 11 years (range 0-01-13-8). 
At one time point during the study subjects completed a food-frequency 
questionnaire, which they filled in at home and returned by post. Intake of non-dairy 
animal protein was not found to be associated with hip fracture, but women in the 
lowest quartile of Ca intake and highest quartile of non-dairy animal-protein intake 
had an elevated risk of fracture. This pattern was not observed with total protein 
intake. An important limitation of both studies was the use of a mailed food- 
frequency questionnaire on a small number of occasions and poor evaluation of other 
lifestyle and dietary factors that may have contributed to fracture risk.
In contrast, two other large prospective studies have shown that higher animal- 
protein intake is associated with reduced bone loss over a 4-year period in elderly 
men and women who were participants of the Framingham Osteoporosis Cohort 
(Hannan et al, 2000) and The Rancho Bernardo Study (Promislow et al, 2002). In a 
third study of post-menopausal women from the Iowa Women's Health Study (ages 
55-69 years at baseline) those women who had the highest animal-protein intake had 
a decreased risk of hip fractures (Munger et al, 1999). In the Framingham cohort, 
the mean total protein intake for the men (n 224) was 69.3 (SD 23.9) g/d and that for 
the women (n 391) was 68.0 (SD 23.5) g/d. After adjustment for all potential 
confounders, including age, height, weight and weight changes, total energy intake, 
smoking, physical activity, those in the lowest quartile of percentage protein intake 
showed the greatest BMD losses at the femoral neck and spine sites. Lower
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percentage of animal protein was related to greater bone loss at the femoral neck and 
spine. There were similar findings in Rancho Bernardo Study with a high animal- 
protein intake also appearing to have a protective effect against bone loss. What was 
surprising, however, is that the greatest bone losses occurred in women with the 
highest vegetable-protein intake and a similar non-significant trend was found in 
men. The Iowa Women's Health Study also reported an increase in age-adjusted hip 
fracture risk with increasing quartile of vegetable-protein consumption (Munger et 
al, 1999 ; Promislow et al., 2002).
1.10.5 P and bone health
P is an essential nutrient involved in bone mineralization and cellular function 
(Heaney, 2004). It is mainly found in the skeleton and teeth (80%) as Ca phosphate 
(hydroxyapatite), the remainder is found in the phospholipids of cell membranes, in 
nucleic acids and as ATP (Bender & Bender, 1995). P in the form of phosphate 
constitutes more than half the mass of bone mineral and therefore must be present in 
adequate quantities in the diet in order to mineralize and maintain the skeleton 
(Heaney, 1995). The absorption of P in the human intestine is relatively efficient, 
with net absorption typically ranging from 55% to 80% (depending on concomitant 
Ca intake and absorption). Moreover, P is widely distributed in the food chain; 
therefore, adult intakes of P tend to be adequate (Heaney, 2004). Additionally, P does 
not seem to influence skeletal homeostasis within normal ranges of the UK RNI 
(550mg in adults), although greater intakes particularly when combined with low Ca 
intake may be detrimental (Calvo et al, 1990). However, situations do occur 
whereby P intake may be a limiting factor in patients with osteoporosis.
Total P content is similar in plant and animal foods (8-20mg per gram of protein) 
however in animal protein foods such as meat, poultry and fish, P is found as 
phosphate bound to an amino-acid side chain, which is released during digestion. On 
the other hand, the majority of P occurring in plant foods is in the form of phytate, 
which is poorly digested and therefore less P is absorbed (Massey & Whiting, 2003). 
Results from studies showing an association between P intake and BMD are 
inconsistent, possibly due to the interpretation of size-related artefacts in
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absorptiometric methods (Prentice et al., 1994). Recently, concerns have been raised 
about the excessively high intake of P in Westem-style diets, predominantly from the 
consumption of carbonated beverages. A high P: low Ca intake has been shown to 
cause an imbalance in Ca homeostasis and elevated PTH production, which could 
potentiate bone loss (Calvo et al., 1990; Heaney, 2000). Interestingly, carbonated 
beverages, due to the high P content, have been suggested to contribute to the 
commencement of bone fragility (Wyshak & Frisch, 1994). In a cross-sectional, 
retrospective study conducted by Wyshak (2000), four hundred and sixty 9th and 10th 
grade girls at high school participated in a study by completing a self-administered 
questionnaire relating to their physical activities, including carbonated beverage 
consumption, and the incidence of bone fractures. Results showed that from the total 
number of participants, carbonated beverage consumption and bone fractures were 
significantly associated; odds ratio (OR) =3.14, 95% confidence interval (Cl), 1.45, 
6.78), p=0.004. Among the physically active girls, cola beverage intake was highly 
associated with bone fractures rates; (OR) =4.94 (95%, Cl 1.79, 13.62), P=0.002. 
This study supports previous findings, however the mechanisms in which cola drinks 
are associated with bone fractures in physically active girls requires further 
investigation (Wyshak, 2000).
1.10.6 Na as NaCl and bone health
There is a clear causal link between habitual Na intake and blood pressure, the latter 
being a predisposing risk factor for cardiovascular disease (He & MacGregor, 2007). 
Moreover, hypertensive individuals display a number of disturbances in Ca 
metabolism that is characterised by a metabolic profile, which may lead to enhanced 
bone resorption and subsequent bone loss (MacGregor & Cappuccio, 1993; Metz et 
al, 1999). Dietary Na causes an increase in urinary Ca and cyclic AMP excretion 
and a consequent decrease in serum Ca leading to a slightly negative Ca balance and 
thus elevated parathyroid hormone levels (PTH). As can be see from Figure 1.14, an 
increase in PTH levels may (i) increase renal Ca reabsorption (ii) cause an increase 
in bone resorption or (iii) lead to an increase in the production of 1,25 (OH^D and a 
consequent rise in Ca absorption (Evans et al., 1997). The compensatory response to
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try to restore Ca homeostasis leads to an increase in bone resorption, which is a 
causative factor in reduced bone mass (MacGregor & Cappuccio, 1993).
It has been suggested that there is approximately 1 mmol loss of urinary Ca per 100 
mmol of Na excreted by the kidneys in free-living normocalciuric individuals 
(Nordin et a l , 1993). Moreover, there are a substantial number of studies showing a 
strong positive correlation between urinary Ca and urinary Na losses in both young 
and adult populations (in both genders) between countries consuming their habitual 
diets (Cashman & Flynn, 2003). Additionally, there is a scarcity of epidemiological 
studies in humans, showing an association between dietary Na intake and urinary Na 
excretion and BMD at different skeletal sites (Sabto et a l, 1984; Need et a l, 1985; 
Devine et a l, 1995; Jones et a l, 2001). One limitation in the study design, with 
respect to the calciuric response of free-living populations to dietary Na is the 
potential confounding factors such as nutrient and non-nutrient factors that influence 
the association between Na consumption and urinary Ca excretion (Spencer & 
Kramer, 1986).
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Figure 1.14 The effects of sodium on calcium metabolism (Reproduced from 
Evans et al., 1997).
1.10.7 Mg and bone health
Another mineral that is of growing interest in bone metabolism is Mg; it regulates 
active transport of Ca and is involved in the formation and strengthening of the bone 
crystals. The skeleton is the major reservoir for Mg in the body, accounting for 50- 
60% of total body content. It has been observed that reduced Mg levels in the bones 
of osteoporotic patients lead to an increase in bone fragility. Animal studies support 
the protective role of Mg in bone growth. Induced Mg deficiency in rats has shown 
impairment in bone development and greater fragility (Kenney et al, 1994).
In a 2-year study conducted by Sojka and Weaver (1995), a group of menopausal 
women was given Mg hydroxide to assess the effects of Mg on bone density. At the 
end of the 2-year study period, there was a significant increase in bone density
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observed. It was concluded from the study that Mg therapy appeared to have reduced 
the number of osteoporotic fractures. In a cross-sectional study, New and colleagues 
examined the effect of nutritional factors on markers of bone metabolism by using a 
well-validated FFQ and bone turnover markers. After adjusting for age, weight, 
height, menstrual status and energy intake, Mg intake accounted for 12.3% of the 
variation in pyridinoline excretion and 12% of the variation in deoxypyridinoline 
excretion (New et al., 2000a). A plausible reason for such an effect is that Mg is one 
of a number of nutrients found in fruits and vegetables, and the beneficial effects on 
bone health may be due to a variety of mechanisms, making it difficult to examine 
the effects of Mg alone.
1.10.8 K from foods and bone health
K is the most important cation in eukaryotic cells (Deminge et al, 2004).It is an 
essential mineral in man, and together with Na it regulates the water balance and the 
acid-base balance in the blood and tissues. K is predominantly found in fruit, 
vegetables and legumes. In addition, some meats (chicken, fish and offal) and other 
foods such as milk (breast milk or cow’s milk) contain small but useful amounts.
K salts of weak OAs, notably K bicarbonate (KHCO3) has been shown to reduce 
endogenous acid production and increases both blood pH and plasma bicarbonate 
concentration. This in turn, neutralizes anions normally excreted in urine, arising 
from a diet rich in protein precursors (methionine and cysteine) (Wachman & 
Bernstein, 1968; Remer & Manz, 1995). Sebastian and colleagues (1994) have 
demonstrated, that the administration of KHCO3 in doses of 60 to 120 mmol/d to 18 
postmenopausal women who were given a constant diet (652 mg of Ca and 96 g of 
protein per 60 kg of body weight). During the administration of KHCO3, the Ca and P 
balance became less negative, i.e. less was excreted in comparison with the amount 
ingested (mean [±SD] change in Ca balance, +56 ± 76 mg/d ; P = 0.009; change in P 
balance, +47 + 64 mg/d ; P = 0.007) due to a reduction in urinary Ca and P excretion. 
Serum osteocalcin concentrations increased from 5.5 + 2.8 to 6.1 + 2.8 ng/ml 
(PcO.001), and urinary hydroxyproline excretion decreased from 28.9 + 12.3 to 26.7 
+10.8 mg/d, P = 0.05. Net renal acid excretion decreased from 70.9 +10.1 to 12.8 +
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21.8 mmol/d, indicating nearly complete neutralization of endogenous acid. This 
human study demonstrated that the oral administration of K bicarbonate at a dose 
sufficient to neutralize endogenous acid improves Ca and P balance, increases the 
rate of bone formation, and reduces bone resorption (Sebastian et al., 1994). 
Sellymeyer and co-workers (2002) showed that the women taking K citrate during a 
high-salt diet were significantly different from the high salt plus placebo group with 
regard to changes in urine Ca and NTx, suggesting that K citrate prevented an 
increase in both urinary Ca excretion and bone resorption markers. Sellmeyer and 
colleagues proposed that the levels of K which prevented the adverse effects of the 
high-salt diet in their study is achievable by consuming seven to eight portions of K- 
rich fruits and vegetables per day.
Furthermore, K is involved in Ca homeostasis, particularly as it promotes renal Ca 
retention (Lemann et al, 1991;Lemann et al., 1993). Jones and colleagues (2001) 
have shown that urinary K was associated with both dietary intake and BMD 
independent of lean body mass in well-nourished, Ca-replete young children. The 
results of recent studies in elderly men and women and in premenopausal women at 
both axial and peripheral skeletal sites suggest that increasing K and Mg intakes may 
be important in maintaining bone mass. (New et al., 1997; New et al., 2000a; Tucker 
et al., 2001). The proposed mechanism may be due to the modification of mild 
perturbations in acid base homeostasis (Jones et al., 2001).
1.11 Evidence for a beneficial effect of fruit and vegetables and bone health
There is an increasing interest regarding the health-related benefit of a high 
consumption of fruit and vegetables in the prevention of a variety of disease states. A 
diet rich in fruit and vegetables may provide protection against major chronic 
diseases such as cardiovascular disease (Ness et al., 1997), ischeamic stroke 
(Joshipura et al, 1999) several common cancers (WCRF & AICR, 1997), 
hypertension (Appel et al., 1997) and other diseases, including bone health (New et 
al., 2000a; Jones et al, 2001; New et al, 2002; McGartland et al., 2004; Tylvasky et 
al,. 2004; Prynne et al, 2006).
A variety of clinical, population-based and observational studies published since the 
late 19th century, and more recently in the last 12 years have demonstrated a 
beneficial effect of fruit and vegetable and K intake on skeletal health. Jones and
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colleagues (2001) found that urinary K (marker for dietary K and fruits and 
vegetables) was positively associated with BMD at the lumbar spine, femoral neck 
and total body in 330 boys and girls (aged 8 years). Children in the highest quartile 
of urinary K had higher BMD at three distinct sites compared to the children in the 
lowest quartile (femoral neck: 6.8%, P = 0.001; lumbar spine: 6.3%, P = 0.001; total 
body: 4.3%, P < 0.001). Furthermore and more importantly, urinary K correlated 
significantly with K intake (r = 0.14, P = 0.02), and fruit and vegetable intake (r = 
0.12, P = 0.03). (see Figure 1. 15) (Jones et al, 2001). Tylvasky and colleagues 
(2004) showed that adolescent girls who reported consuming fruit and vegetables >3 
times a day had, when compared with similar girls who reported consuming fruit and 
vegetables <3 times a day, lower urinary Ca excretion, lower PTH concentrations, 
and larger bone size as indicated by bone area of the whole body and of the non­
dominant wrist. Age, BMI, and physical activity were also controlled for in this 
study. In a similar study, McGartland and co-workers (2004) showed a positive 
influence of fruit intake on BMD at the heel and not the wrist, however there was no 
correlation between vegetable intake and BMD at either site. This may due to the low 
habitual intake of vegetables consumed by the 12-year-old girls. Studies conducted 
in pre-menopausal women have also shown positive results with regard to higher 
intakes of K, fruit and vegetables on bone health (Michaelsson et al, 1995; New et 
al, 1997, 2000a; Macdonald et al, 2004). New and colleagues found that BMD at 
the femoral neck was higher in women who had consumed higher amounts of fruit 
during their childhood compared to women who had consumed low to moderate 
amounts (P < 0.01) ( New et al, 2000a). Macdonald et al, (2004) showed that in a 
subgroup of peri-menopausal women (n 146) there was a positive correlation 
between a number of nutrients (vitamin C, vitamin K and K salts) contained in fruit 
and vegetables and greater BMD and consequent bone loss. Furthermore, Tucker and 
colleagues (2001) (Framingham Osteoporosis elder cohort) found that Mg, K and 
fruit and vegetable intakes were significantly associated with BMD at baseline 
among men (measured at all 4 skeletal sites) and women (measured at 3 of the 4 
sites).The beneficial effect of K was seen 4 years later at the femoral neck and 
trochanter in men. Interestingly, a lower protein intake was significantly associated 
with a lower BMD, while those persons with the highest protein intake had the 
lowest BMD loss over a 4-year period. These findings suggest the benefit of a higher 
than average protein intake for reduced bone loss in the elderly (Tucker et al, 2001)
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(see Table 1.5 for other studies supporting the beneficial effects of fruit and 
vegetables and bone health).
Quartile of 
urinary potassium
O 1
Fem oral neck  Lumbar sp ine Total body
Measurement site
Figure 1.15 Correlation between quartile of urinary potassium and mean (±SE) 
bone mineral density (BMD) at various skeletal sites in 8 year old children 
( Reproduced from Jones et al., 2001).
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Table 1.5 Impact of fruit and vegetables on bone health (Adapted from New, 
2002; New, 2004).
Impact of fruit and vegetables on bone: a review of population-based studies showing a positive association
Reference Source Details Findings
Eaton-Evans era/. (1993) UK Proc. Nutr. Soc., 52:44A 77 females, 46-56 years V Vegetables
Michaelsson etal. (1995) Swe Calcified Tissue Int., 57:86-93 175 females, 28-74 years V K Intake
New e ta l  (1997) UK Am J Clin Nutr., 65:1831-1839. 994 females, 45-49 years V K, Mg, fibre, vitamin C
V Past intake;fruit & vegetables
Tucker et al (1999) USA Am J Clin Nutr., 69:727-736. 229 males, 349 females, 75 years V K, Mg, fruit & vegetables
New etal (2000a) UK Am. J. Clin. Nutr., 71:142-151. 62 females, 45-54 years V K, Mg, fiber, vitamin C
Jones etal (2001) Tasmania Am. J. Clin. Nutr., 73:839-844 215 Boys, 115 girls, 8 years V K, Urinary K
Chen etal (2001) China J. Bone Miner Res., 16:S383 668 females, 48-62 years V Fruit
Miller et a/. (2001) USA J. Bone Miner Res., 16:S395 300 males, 50-91 years ^K,Mg
Stone etal. (2001) USA J. Bone Miner Res., 16:S388 1075 men >65 years V K, Lutein
New et a/. (2002a) Osteoporos Int., 13:S77A 164 females, 55-87 years V K, fruit & vegetables
Tylavskyeffl/. (2004) USA A m .J.of Clin. Nutr.,79:311-317 56 girls, 8-13 years V Fruit & vegetables
Macdonald etal (2004) UK Am. J. of Clin. Nutr., 79:155-165 891 women, 45-55 years (baseline) ^ Vitamin C, Mg, K
McGartland e/ a/. (2004) Am. J. of Clin. Nutr., 80:1019- 23 1345 boys and girls 12-15 years V Fruit & Vegetables
The DASH (Dietary Approaches to Stop Hypertension)-Sodium trial (n 412) 
consisted of a control diet typical of what many Americans eat; which is high in 
saturated fats and red meats, low in fruit and vegetables and a DASH diet; which by 
contrast emphasizes fruits and vegetables, low fat dairy products, included whole 
grains, poultry, fish, nuts and has reduced levels of saturated fats, red meats, sweets 
and sugar containing beverages. The DASH diet significantly reduced bone turnover 
markers (OC (8-11%) and CTx (16-18%), P < 0.001) at all three Na levels (1,150 
mg/d, 2,300mg/d, 3,450mg/d), although there was no difference in Na excretion 
between the DASH-Sodium and the control diet groups at each level of salt intake 
(Lin et al, 2003). It is not clear whether the reduction in bone turnover is due to the 
higher Ca content of the DASH diet alone or to the additive effect of K, Mg and/or 
other dietary factors. Furthermore, the combined effects of a higher K intake and low 
acid load (due to increased amounts of fruit and vegetables and low fat dairy 
products) of the DASH dietary pattern may have contributed to the Ca retention and 
subsequent reduction in bone turnover.
Another plausible reason for the positive reduction in bone turnover markers is that 
fruit and vegetables contain hundreds of non-essential nutrients (phytochemicals) 
which may also beneficially influence bone metabolism. Studies by Muhlbauer and
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Li (1999) demonstrated that a large variety of commonly consumed vegetables, 
salads and herbs inhibit bone resorption, and that onions promotes bone mass in rats. 
Interestingly, the observed reduction in bone resorption is not due to the K content of 
the foods, as their studies have shown that even when metabolic acid is buffered with 
K citrate the inhibitory effects in bone resorption remained (Mlihlbauer et al, 1998; 
Miihlbauer & Li, 1999; Miihlbauer et al, 2002). Miihlbauer and co-workers propose 
that this observation is possibly due to some unidentified plant-derived compound.
1.12 Effect of weight loss and bone health
There is a well-established direct correlation between body weight and bone mass at 
several weight bearing sites in older men and women (Hannan et al, 1992; Edelstein 
& Barrett-Connor, 1993; Orwell et al, 2000). A higher body weight plays a 
protective role in osteoporosis prevention (Shapses & Cifuentes, 2003; Felson et al, 
1993). Moreover, recent studies consistently demonstrate that low body weight in 
postmenopausal women, particularly those women following weight reducing diets 
are at greater risk of osteoporotic fractures. On the other hand, previous 
epidemiological studies in men suggest that femoral bone loss continues into old age, 
and is more pronounced in men losing weight (Dennison et al, 1999; Hannan et al, 
2000; Knoke & Barrett-Connor, 2003). However, there is a scarcity of research 
looking at the role of lifestyle factors in determining the rate of bone loss. 
Furthermore, involuntary weight loss is associated with an even greater increase in 
fracture risk, whereas voluntary weight loss modulates bone metabolism and 
therefore reduces the detrimental effect on bone, particularly in older persons. Ensrud 
and colleagues (2005) suggest that weight loss in older women may be associated 
with higher rates of bone loss and hip fractures for various reasons. A reduced 
mechanical load on the weight-bearing skeleton may result in alterations in bone 
remodeling, and concomitant increases in bone resorption leading to increased bone 
loss at the hip and lumbar spine sites (Svendsen et al, 1993; Salamone et al, 1999; 
Chao et al 2000). Weight loss may also be associated with a reduction in nutrient and 
energy intake, particularly nutrients important to bone health such as Ca and protein. 
Finally, the increased bone loss associated with involuntary weight loss is more than 
likely due to other medical conditions and poorer health status (Ensrud et al, 2003).
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To my knowledge there are only two long term prospective studies in men, designed 
to examine the response of weight reduction on BMD. Pritchard and colleagues 
(1996) randomized 66 males aged 43.4 ± (5.7) years and BMI 29.0 ± (2.6) into three 
groups (i) Diet (weight loss via dietary modification) (ii) Exercise (weight loss via 
exercise) and (iii) Control (weight maintenance group) for 12-months. Participants in 
the diet group were instructed to change their eating habits to a low fat ad libitum 
diet (20-22% energy from fat). The exercise group followed an exercise regimen of 
their own choice for at least 30 minutes, three times a week. The level of exercise 
necessary to achieve maximum fat oxidation, which is desirable for weight loss was 
deemed to be a maximum heart rate of between 65-75%. The control group were 
asked to follow their usual dietary and activity levels throughout the study period. 
Participants also attended monthly weight monitoring sessions and they also 
participated in a similar measurement protocol to those of the intervention groups. 
Compliance in maintaining dietary intake was monitored using monthly 24-hr food 
diaries and again at 6 months. Fifty eight of the participants completed the 12 month 
study. Of the 8 who did not complete the study, 2 withdrew before the randomization 
process, 2 withdrew several months into to the study for reasons of ill-health and 3 
discontinued for personal and domestic reasons. The weight loss group lost 1.4% 
BMC and 1.5% BMD (p<0.001 and p<0.05 respectively) with 6.4 kg weight loss; 
and the exercise group lost 0.8% BMC and 1.1% BMD. There was no significant 
change in BMC (or in BMD) in the exercise group (2.6 kg weight loss). The control 
group lost substantially less bone mass (0.1% BMC) and gained bone mass when 
measured as BMD (0.4%). There was a significant difference in BMC (p<0.05) 
between the weight loss group and exercise group, there was no statistical difference 
between the exercise group and the control group (Pritchard et al, 1996). The results 
are comparable with a study conducted by Reid and colleagues (1994), where they 
showed that total body fat and the rate of change in body fat were strongly correlated 
(P < 0.0001) with bone loss in healthy postmenopausal women. In a non-dietary 
intervention study Ensrud and colleagues (2005) found that older men with weight 
loss had higher rates of hip bone loss (-1.4 % change/year in total hip BMD) 
compared with a weight maintenance group (-0.3% change/year in total hip BMD). 
These values were in agreement with Knoke & Barrett-Connor (2003) and Hannan et 
al, (2000). These results indicate that sustained modest weight loss in older men is a
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strong clinical risk factor for hip bone loss. As a matter of note, bone turnover 
markers were not measured in the above studies.
In obese women, a moderate weight loss of 10-14% over a 2 month to 6 month 
period results in a 2-6% reduction in BMD (Shapses et al., 1998). However, the 
majority of studies conducted in women have included a weight loss diet with and 
without a Ca supplement. Such studies demonstrate that a Ca supplementation abates 
the deleterious effect that weight reduction has on bone, due to suppressed bone 
turnover. Ricci and colleagues have shown that those individuals on a moderate 
energy-restricted diet -  (1200 Kcal/d) and Ca supplement (1 g/d) group had slightly 
reduced PYD/Cr, DPD/Cr and osteocalcin levels. In the placebo group (no Ca 
supplement) the aforementioned bone markers were significantly elevated. There 
was also a reduction in total-body BMD in both groups (Ricci et al., 1998). Dietary 
intervention studies without Ca supplementation have also shown that weight loss 
diets also lead to an increase in bone turnover markers and a consequent decrease in 
total-body BMD (see Table 2.3.2 for aforementioned studies).
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1.13 Aims and Objectives
1.13.1 Public Health Project
1) To estimate the acid/alkaline generating potential of the diet by quantifying 
P R A L  (using PRALoriginai and P R A L Shortened) and estimated of daily net 
endogenous acid production [N E A P ] using the algorithms NAEindirect and 
protein: K in a representative group of British elderly aged 65 years and older 
using National Diet and Nutrition Survey (NDNS) datasets.
2) To compare and characterize estimated NEAP by specific nutrients and food 
groups likely to influence dietary acid loading using NDNS and NSIFCS 
datasets (British elderly aged 65 years and older).
3) To quantify the dietary acidity/alkalinity (using the aforementioned 
algorithms) of the British diet according to age, gender, region and socio­
economic status using NDNS datasets
4) To identify whole food groups and single food items which contribute to the 
acid/alkaline generating potential of the British elderly diet using NDNS 
datasets.
5) To identify key dietary patterns which enable optimization of alkali-forming 
and acid-forming diets.
6) To estimate the acid/alkaline generating potential of the diet in a 
representative sample of Irish adults (18-64 years) by estimated NEAP and 
using North South Ireland Food Consumption Survey (NSIFCS) datasets.
1.13.2 Mechanistic Project
1) To quantify the dietary acidity characteristics of the Atkins diet versus control 
group by the abovementioned PRAL and estimated NEAP algorithms.
2) To compare and characterize PRAL and estimated NEAP in relation to 
nutrient intakes likely to influence dietary acidity in both the Atkins and 
control groups. To investigate the effects of the Atkins diet versus, a normal 
Western diet on markers of bone metabolism
3) Determine the short-term (6-months) effects of 3 different groups (high fruit 
and vegetable diet [F&V], low carbohydrate diet and a weight maintenance 
diet [WM]) using PRAL and estimated NEAP and by indices of bone health
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1.13.3 Hypotheses
Public Health Project
Subjects consuming food groups known to be alkali producing i.e. fruits and 
vegetables will have lower dietary acid loads measured by PRAL and estimated 
NEAP. Conversely, those participants consuming a diet rich in animal protein (meat, 
fish, eggs, cheese and nuts) and low in base generating foods, (fruits and vegetables 
including salads) will have higher dietary acid loads due to the high levels of protein 
and P and lower potential for alkali dietary components using the aforementioned 
formulae. Currently, the British elderly diet is acidic in both men and women and 
across age spans and regions. By decreasing the consumption of animal protein and 
refined carbohydrate foods by moderate amounts, (2-3 portions/d) in those 
individuals with higher than average estimated NEAP values (>50mEq) may 
significantly improve the dietary alkaline potential of the diet (see section 2.3 for 
further information regarding how PRAL and estimated NEAP were calculated).
Mechanistic Project
Participants following the LCD will have a significant deterioration in bone health as 
measured by bone resorption and formation markers. Those participants consuming 
the F&V diet will have reduced bone turnover when compared with the a WM group.
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2 Materials and methods
The following chapter describes the materials and methods used to carrying out the 
different studies. The materials and methods section has been divided into two parts. 
The first section is concerning the public health project of my P hD , which is to estimate 
the dietary acidity/alkalinity using the algorithms; P R A L  (P R A L Sh0rtened, PRALoriginai) 
NAEindirect and protein:K) using the N D N S  dataset for the British elderly aged 65 years. 
Furthermore, estimates of N E A P  (using the aforementioned algorithms) were measured 
using the N S IF C S  in the 18-64 years age group. The second section of my P hD  is 
regarding the mechanistic project, which is to investigate the effect of a L C D , F&V, and 
WM group on indices of bone health and acid-base balance using the abovementioned 
algorithms.
2.1 Population-based study
2.1.1 Background
The NDNS, is an ongoing joint initiative, established in 1990 by the Ministry of 
Agriculture, Fisheries and Food (MAFF) and the Department of Health. The aims of the 
NDNS are to provide a comprehensive cross-sectional representation of the dietary 
habits and nutritional status of the population of Great Britain. The survey provides 
quantitative data on food and nutrient intakes (4-day weighed diet record), 
anthropometric measurements, demographic and lifestyle characteristics and other 
related biochemical indices.
The NDNS programme is divided into 4 separate age groups; children aged one and a 
half to four and a half years; young people aged 4 to 18 years; adults aged 19 to 64 
years and the elderly aged 65 years and over.
2.1.2 NDNS of the British adults aged 65 years and over
The NDNS of British adults aged 65 years and over was the third of four surveys and 
was conducted between October 1994 and September 1995 in four stages, almost 
corresponding to the 4 seasons of the year.
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The principal aim of the survey was to provide a series of data collection, such as 
quantitative data on food and nutrient intakes (4 d weighed diet record), anthropometric 
measurements, demographic and lifestyle characteristics and other related biochemical 
indices. Furthermore, a subsidiary aim of the survey was to collect data on oral health. 
This provided accurate information on the condition and the function of the tissues in 
the mouths of a national sample of subjects in relation to their nutritional status. The 
Sampling Procedures used for the survey was called “Multi-stage stratified random 
sample”. Of an eligible sample of 2172 participants, 1275 (59%) free-living elderly 
adults completed a food diary. Additionally, 412 (91%) of participants in institutions 
(nursing homes and residential homes for the elderly excluding people in acute hospital 
beds) completed a diet diary. Under-reporters were excluded with a EI:BMR ratio of < 
1.2, (Goldberg, 1991), with BMR calculated using the equation based on the mean 
weight for the elderly population group as 13.5W + 487 in men and 10.5W + 596 for 
women, where W is the average weight in kg (James, 1990). This meant that 740 
participants remained, of which 449 were men, and 291 were women. A further 19 
participants were excluded from the analysis as their anthropometric data was not 
recorded. The survey was conducted between October 1994 and September 1995 in four 
stages, approximately corresponding to the four seasons of the year (Bates et a l, 1999).
2.1.3 Data collection
The NDNS datasets were downloaded from the UK Data Archive, University of Essex 
via an internet web-link. An ftp program (with a username and password) was used (as 
suggested by the Data Archive) to download the files to my computer. The data was 
supplied as compressed zip files. When unzipping the data files it was necessary to use 
appropriate software (http://www. stuffit.com/expander) in order to preserve the 
directory/folder structure.
In this study, analysis of the NDNS was restricted to the British people aged 65 years 
or older whom provided a full 4 day food diary. Of an eligible free-living sample of 
2172 participants, 1275 (59%) completed a food diary. Additionally, 412 (91%) of 
participants in institutions (nursing homes and residential homes for the elderly 
excluding people in acute hospital beds) completed a diet diary. Study participants were 
issued with calibrated dietary scales and asked to keep a weighed record of all food 
consumed over four consecutive days. Measurements were made of body weight,
48
height, demi-span, mid-upper arm circumference, waist and hip circumference. An 
interviewer administered questionnaire collected data on: age, sex, social class, income, 
pensions and benefits, geographical area of residence, cigarette smoking and household 
composition.
Subjects were then classified into quartiles based on their age, and dietary acid load was 
estimated using PRAL, NAEindirect and NEAP (Frassetto et a l, 1998; Frassetto et a l, 
2007).
2.1.4 Data analysis
The NDNS dataset was downloaded from the UK Data Archive, University of Essex. 
This dataset provided detailed quantitative information on diet, nutritional status and 
related measurements. A master data file was created using variables taken from 
different portable SPSS data files as provided by the principle investigators (Finch et 
al, 1998). Subjects were classified into quartiles based on their gender, age, and region. 
Several anthropometric measurements were also measured, including nutritional status 
(4 day diet diary), in order to estimate the net dietary acid load using P R A L  
(PRALoriginai and P R A L Shortened) and estimated NEAP (NAEindirect and proteimK) (see 
Table 2.1). Classification of food groups was tabulated (as shown in Table 2.2) using 
the individual food items for each of the food groups most commonly consumed by all 
participants.
In order to identify the major food contributors of dietary acid-alkali load, each food 
code from a particular food group was summed together to give a total value for that 
food type (see Table 2.2).
2.1.5 Statistical analysis
Statistical analyses were performed using SPSS software (version 13; SPSS Inc, 2005, 
Chicago). Descriptive statistics (median and interquartile range (IQR)) were determined 
for all variables. The data was checked for normality using the Kolmogorov-Smimov 
(KS) test. Variables that were normally distributed were analyzed using ANOVA with 
the post-hoc test Tukey. Variables that were not normally distributed were analyzed 
using the Kruskal-Wallis non-parametric test. An independent two sample t test was 
used to determine differences between genders.
In order to determine differences between quartiles of NEAP values the Kruskal-Wallis 
test was used. The Mann-Whitney U test was used to identify which specific quartiles
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were different from one another due to the -lack of a non-parametric post hoc test for 
SPSS. A Bonferroni correction was applied to take into account multiple testing. 
Spearman correlation coefficients were calculated for variables that were non-normally 
distributed. For comparisons of dietary acidity between regions, ANOVA with Tukey 
post hoc tests was used. Equal numbers were obtained for each quartile cut-off value for 
PRAL, NAEindirect and protein: K ratio (the latter two algorithms were used to estimate 
NEAP, see section 2.3.3). The median values (IQR) for each variable was calculated.
Table 2.1 Variable name and variable description as found in master SPSS data 
file.
Variable Name Variable description
Sex Subject gender
Age Participant’s were further divided into quartiles 
(age groups)
Region Participant’s were categorised by region
Weight Weight (kg)
Height Height (cm)
BMI BMI (weight/height2)
4-day diary Participant’s who had provided researcher 
with a 4-day food intake diary
Mean protein Average daily protein (g/d)
Mean K Average daily K (mg/d)
Mean Ca Average daily Ca (mg/d)
Mean Mg Average daily Mg (mg/d)
Mean P Average daily P (mg/d)
PRAL PRAL (mEq/d) was further divided into quartiles
NAEjndirect NAEindirect (mEq/d) was further divided into quartiles
NEAP NEAP (/mEq/d) was further divided into quartiles
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Table 2.2 Classification of food groups
Grouped food/drink Description of food/drink consumed
Fruits (g/d)
Vegetables (g/d)
Legumes (g/d)
Meats (g/d)
Fish (g/d)
Potatoes (g/d)
Bread (g/d)
Cereals (g/d)
Biscuits/ cakes (g/d) 
Milk/yoghurts (g/d)
Cheeses (g/d)
Eggs (g/d)
Desserts (g/d)
Preserves (g/d)
Coffee (ml/d) 
Tea/herbal teas (ml/d) 
Water (ml/d)
Savoury/ sauces (ml/d)
Fresh fruit; apples and pears, citrus fruit 
and bananas, other fruits; frozen and 
canned fruit.
Fresh vegetables, carrots, tomatoes, leafy 
green vegetables (incl. broccoli), salads 
and vegetable dishes/other vegetables, 
frozen and canned vegetables.
Peas, green beans and baked beans.
Bacon and ham beef, veal, lamb, pork, 
chicken and turkey liver, other meat 
dishes/meat products (incl. canned meat). 
White and oily fish, shellfish, other fish 
dishes/fish products (incl. canned fish). 
Boiled, mashed and fried/roasted, potato 
salads and dishes.
White and wholemeal bread, soft grain, 
rolls and other bread products.
Pasta and rice, breakfast cereals and other 
cereals.
Biscuits (sweet and savoury), fruit pies, 
buns, cakes and pastries.
Whole, semi-skimmed, skimmed and 
other milk and yoghurt (including goats, 
sheep and soya) and fromage frais.
Cottage cheese and other cheese (soft
cream, hard, vegetarian and processed).
Eggs and egg dishes
including Cereal based milk puddings
(dairy), sponge type puddings other
puddings and ice-cream
Jams, fruit spread, marmalade, honey and
lemon curd.
Instant, coffee bean and decaffeinated 
Infusion, instant and decaffeinated 
Tap water, bottled water, still or 
carbonated, but not sweetened waters. 
White sauces, sauce mixes, tomato 
ketchup, gravy, mayonnaise.___________
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2.2 NSIFCS in Irish adults aged 18-64 year olds
2.2.1 Background
The first National Nutrition Survey in the Republic of Ireland was conducted in 1946 by 
the Local Government and Public Health conducted surveys between April and August 
1946 (Sinclair, 1950). A subsequent survey was completed some forty year later 
between 1988-89 by the Irish Nutrition & Dietetic Institute (Barker et al., 1988; Lee & 
Cunningham, 1990).
Following on nearly a decade later a more comprehensive survey was conducted with 
the principal objective of the NSIFCS being, (i) to determine the national patterns of 
food and nutrient intakes, and (ii) measurement of the intake of food chemicals, 
including pesticides, veterinary drug residues, contaminants, packaging materials and 
food additives. A secondary objective was to establish an electronic database to 
determination food and beverage consumption, lifestyle, health factors, socio­
demographic indices, level of physical activity and attitudes to food and health in a 
representative sample (n=1379) of the 18-64 year old adult population on the island of 
Ireland.
The survey was carried out by the Irish Universities Nutrition Alliance (IUNA), which 
was an official alliance of the academic nutrition departments at University College, 
Cork, Trinity College, Dublin and the University of Ulster, Coleraine. Research funding 
was obtained from a triad of Irish Ministerial and Health Departments (Department of 
Agriculture, Food, and Rural Development, the Food Safety Authority of Ireland, the 
Northern Ireland Centre for Diet and Health) and thirteen food industry partners 
(Harrington et a l.,2001).
2.2.2 Selection of a nationally representative sample
The representative sample of 1379 including 662 men and 717 women and excluding 
pregnant and lactating mothers, from all over the island of Ireland. The participants 
were randomly selected using the electoral register as the sampling frame. Each person 
who was selected was contacted by mail and followed up shortly afterwards with a visit 
from a researcher. Eligible persons were invited to participate and a consent form was 
signed. The response rate was 63%, which was high given the commitment to the study 
on the part of the respondents. Analysis of the demographic profile of the sample has
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confirmed that the survey sample was representative of the population of the island of 
Ireland with regard to age, sex, geographical location (urban/rural), marital status, social 
class and socio-economic group.
Food intake was determined using a 7-day estimated food diary. The respondent kept a 
diary of everything he/she ate and drank over a one-week period, recording the time, 
location, amount, cooking method and quantity of each item of food and drink 
consumed. To ensure that the level of detail and accuracy of recording was kept to a 
consistently high level, a researcher visited the respondent in their home or workplace 
four times during the week the diary was recorded. A comprehensive quantification 
protocol, which included a combination of food quantification methods, was used to 
obtain the best estimates of food and drink consumed. The researcher weighed various 
foods e.g. breakfast cereals, spreading fats and beverages. A specially designed 
photographic food atlas was used to assign weights to other foods. Respondents were 
encouraged to keep food packaging in order to allow improved accuracy of the food and 
portion size descriptions.
Self-administered questionnaires were used to collect information on employment 
status, social and demographic variables, lifestyle factors, habitual physical activity 
levels, attitudes, health status, medication, supplement use and dieting habits. The 
researcher carried out body measurements, including height, weight, waist and hip 
circumference and body composition (i.e. fat/lean ratio using bioeletrical impedance 
analysis).
The main phase of the fieldwork started in October 1997 and data collection was 
completed in October 1999. Data collection was spread over the four seasons in order to 
obtain a balanced survey. The data were compiled into a fully inclusive relational 
database, i.e. that each individual piece of data collected for each respondent was linked 
to that respondent’s ID number. Quality control procedures were implemented 
throughout the collection, processing and compilation of the database.
The survey was designed to provide data on both the Republic of Ireland (Eire) and 
Northern Ireland. Although the database is structured so that the data can be analysed 
for the island as a whole or separately for the North and South, the researchers would 
warn against drawing any major conclusions from North-South comparisons, as 
regional comparisons were not included in the study design. Given that such 
comparisons might interest the general public, the researchers have made some
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comparisons in-key areas of public health nutrition and have found no differences in 
food and nutrient intake, or in body weight or physical activity.
2.3 Measurement of dietary acid loading using food composition data
2.3.1 Estimated dietary acid loading using the algorithm PRA Lorigmai
Remer and colleagues estimate the net acid load from average intestinal absorption rates 
of ingested protein and additional minerals as follows;
(a) PRAL was estimated using the formula: £  (protein (SO4) + P+ Cl) -  (Mg + K + 
Ca + Na). Furthermore, conversion of nutrient intakes (mg/lOOg of food to mEq/lOOg of 
food) corresponding to the estimation of the food-induced urinary excretion of the 
aforementioned electrolytes were used as follows (Remer & Manz, 1995).
PRAL (mEq/d) = 0.4888 x protein (g/d) + 0.0366 x P (mg/d) + Cl x 0.0366 
(mg/d) -  K (mg/d) x 0.0205 + 0.0263 x Mg (mg/d) + 0.0125 x Ca (mg/d) + 
0.0413 x Na (mg/d).
This physiologically based calculation model take into account average intestinal 
absorption and convert the cations and anions into milliequivalents (mEq). Also the 
grade of dissociation of pH 7.4 (x 1.8) was used for P  giving the unit mEq. For total 
protein an average content of 2.4% methionine and 2% cysteine was used
2.3.2 Measuring dietary acid load using PRA LShortened
In 2003, Remer and colleagues proposed a simplified calculation model for calculating 
P R A L , which will be referred to as P R A L Sh0rtened throughout the thesis (see also 
Catterick et al., 2005). It is based on food intake according to a 24-h weighed diet 
record and the corresponding intakes of only 4 nutrients (protein, P, K and Mg). Na and 
Cl were not included in the algorithm as they tend to balance each other, and for some 
food items, the Cl data is often missing. In this P R A L  model, Ca has also been omitted, 
because it was shown to have the smallest impact on acid-base homeostasis. 
Interestingly, Remer and co-workers (2003) found that simplified P R A L , where Ca was 
omitted, moderately overestimated dietary acid load, the opposite was seen in 8-y-old
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boys. The reasons for such findings were unclear. For the analyses of the research 
presented in this thesis, it was decided to include Ca, as the removal of this nutrient 
resulted in lower estimates of P R A L  (Remer personal communication, 2003). 
Interestingly, Remer and co-workers showed that P R A L Sh0rtened was significantly 
correlated with N A E  analyzed in 24-h urine samples (p<0.001).
2.3.3 Measuring dietary acid load using estimated NEAP
Although a number of eminent researchers have devised several algorithms for 
estimating NEAP from the composition of the diet (see algorithms below). There 
existed until recently, terminological confusions with respect to the different algorithms 
for estimating the dietary net acid load, even when the estimates derive essentially from 
the same input variables. To clarify the confusion, a number of symposium speakers at 
the 2nd International Acid-Base Symposium held in Munich, (8-9 September 2006) tried 
to reach agreement on terminology with respect to estimating the diet’s daily net acid 
load from the composition of the diet, based on accepted physiological principles. The 
group of experts agreed to refer to the estimated diet dependent net acid load 
as “ estimated NEAP” and to always specify the algorithm used to obtain the estimated 
NEAP (Frassetto et al., 2007).
2.3.4 Estimated NEAP using the algorithm NAEindirect
Recently, Remer and co-workers (2003) have formulated the algorithm NAEindirect, 
which is based on the aforementioned algorithm P R A L originai. The main difference is that 
an anthropometry-based estimate for O A  excretion has been included in the algorithm.
(b) Net acid excretion measured indirectly (NAEindirect) was estimated using the 
formula:
Y  (protein (SO4) + P + *EOA) -  (Mg + K + Ca) from the participants diets and 
considering the conversion factors of the aforementioned nutrients in calculating the 
PRAL component of the calculation model (Remer et al., 2003).
* Endogenous organic acids (EOA) were calculated from the body surface area of each 
subject using the formula (Dubois & Dubios, 1916; Kleinman, 1987).
Estimated NEAP (mEq/d) =PRAL +* EOA = NAEindirect
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*EOA = 41 x body surface area (BSA) (m2)/1.73 (m2). - 
BSA was calculated using the formula (Weight (kg)0'425 x Height (cm)0'725 x 0.00718)
2.3.5 Estimated NEAP using the algorithm protein:K
This equation was developed by Frassetto and colleagues, and is based on the 
composition of various diets consumed by study participants. More precisely, the 
algorithm was developed using the nutrient contents (protein and K) either from the 
chemical analysis of the diet, or it was estimated by using specific diet-composition 
tables cited by various authors. This algorithm allows one to estimate NEAP when 
nutrients and the mineral content of the diet is limited Frassetto et al., 1998).
(c) A simpler algorithm of NEAP which estimates dietary acid intake from protein 
intake (an acid precursor) and K (an index of base precursors from OA) using the 
formula: (Frassetto et a l, 1998; Frassetto et a l, 2007).
Estimated NEAP (mEq/d) = [54.5 x protein (g/d)/K (mEq/d)] -  10.2
In contrast to P R A L originai, Na and Cl are not included because either the Cl data are 
missing from the food tables used, or, in the case of processed (salted) foods, they 
deviate unrealistically by more than 10% from the respective Na values (Remer & 
Manz, 1994; Remer & Manz, 1995; Remer et a l, 2003; Remer & Manz, 2003). 
Moreover, in the past, investigators have used different algorithms for estimating the 
diet’s daily net acid load, even when the estimates derive essentially from the same 
input variables, and this had lead to some terminological confusion. Because of this, 
investigators in the field have recently agreed on standardized terminology related to 
estimating the diet-dependent net acid load from the composition of the diet, based on 
accepted physiological principles (Frassetto et al., 1998; (Frassetto et al., 2007). 
Through-out this thesis the term estimated N E A P  represents NAEindirect or proteiniK 
algorithm where specified.
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2.4 Intervention study
2.4.1 Ethics
Ethical approval was requested and obtained from the University of Surrey Ethics 
Committee and South East Multi-Centre Research Ethics Committee (MREC) (see 
Appendices 1 & 2). Participation in this study required informed consent from subjects 
and their general practioners. Every care will be taken with the participant’s as 
stipulated in the main study protocol. In order to minimize participant’s discomfort, 
blood samples were taken by trained phlebotomists. Participation was entirely 
voluntary, and if the participant did decide to take part they were free to withdraw at 
any point without giving a reason for doing so.
It is likely the results from this study will be published in the future, but all information 
will be handled in accordance with the Data protection Act 1998. Participant’s identity 
will also remain confidential. All unused samples will be disposed of in accordance 
with the University of Surreys’ rules of biological materials.
2.4.2 Study Design
The study could not be blinded or masked as the researcher (RG) needed to monitor and 
support the participants. This required that the group allocation be known, and each 
volunteer had to be informed of their allocation to ensure that the dietary 
recommendations were followed accordingly.
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---------------------- * ---------------------- Withdrew at baseline
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—* (n 1).
V
LCD Group High F&V Group WM Group
n i l n 27 n 14
Measurement 1 
Baseline
Measurement 2 
2 months
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Figure 2.1 Flow diagram of the Study Design
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2.4.3 Sample size
In order to calculate the required power for this study, data was used from a cross- 
sectional study and a controlled trial. NEAP values in Scottish population group 
indicate that quartile differences are as follows: Quartile one: 2.00-4.534 mEq; 
Quartile two: 4.534-4.979 mEq; Quartile three: 4.979-5.456 mEq; Quartile four: 
4.456-8.29 mEq. The corresponding bone resorption markers (de-oxypyridinoline 
excretion (DpD) (mean ± SD) from each quartile are as follows: NEAP quartile one 
to NEAP quartile four: 5.24 ± 1.65 nmol/mmol/1; 5.32 ± 1.34 nmol/mmol/1; 5.52 ±
1.7 nmol/mol/1; 5.86 ± 2.00 nmol/mmol/1. We estimated that the change in bone 
resorption from NEAP Quartile 1 to NEAP Quartile 4 is 0.62 nmol/mmol, which is 
equivalent to 0.4 SD change. Since the NEAP estimates we were likely to see in the 
LCD group vs. the High F&V group would be at least 2-fold greater in comparison 
to a population intake, we estimated that a 0.8 SD was a realistic target. Hence, we 
required 21 subjects (at 80% power) and 28 subjects (at 90% power) at the 0.05 
significance level. We therefore considered that a sample size of 21 subjects in each 
group would be sufficient, before taking into account withdrawals. Accounting for a 
drop-out rate of -35%, a minimum of 28 subjects was required in each group
We verified these figures with the study by Reddy et al., (2002) which show a 
change in bone resorption (DpD) of 9nmol/d between the . usual (habitual) diet and a 
low carbohydrate diet which corresponded to a 0.75 SD change in bone turnover 
markers. Although our non-randomisation of subjects is a limitation in this study, we 
felt confident that a sample size of 2 1  subjects (28 to allow for potential drop-outs) 
was sufficient to detect a difference in bone turnover markers between the study 
groups.
2.4.4 Measurements and inclusion/exclusion criteria
Fasting blood and urine sample and anthropometric measurements were taken at 
baseline, 2 and 6  months as shown in Table 2.3.
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Table2.3 Fasting blood and urine samples and anthropometric measurements 
taken at the different time-points
Measurement Time (months)
Baseline 2 6
Body weight V V V
Waist circumference ■ . V V V
Diet History V V V
7-d food & activity diary V V V
Blood pressure V V V
Fasting blood (P1NP) V V V
Fasting urine (CTx, DPD, PYD ) V V V
2.4.5 Weight
Participants were weighed in light clothing and without shoes to the nearest lOOg 
using step-on scales. The same scales were used through-out the study (SECA 770 
high capacity floor scales).
2.4.6 Height
Participants were measured without shoes to the nearest 0.5 cm using a wall-mounted 
stadiometer.
2.4.7 BMI
BMI was calculated using the above measurements (weight (kg)/ height (m) 2
2.4.8 Waist circumference
Waist circumference was measured to the nearest 0.5cm at approximately 1cm above 
the navel using a using a Holtain tape measure
2.4.9 Blood pressure
Blood pressure was measured using an electronic sphygmanometer (Omron M4). 
Because of imprecision (variability compared with manual sphygmanometer), the 
mean of 3 readings were taken while the subject was sitting at rest.
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2.4.10 Dietary history
Participants were asked about their current intake for each main meal (breakfast, 
lunch and evening meal) including snacks. They were also asked about their intake 
and the frequency of intake of individual foods.
2.4.11 Food and physical activity diary
Participants were asked to complete a 7 day habitual food and physical activity diary 
at baseline, 2 and 6  months, except in the LCD group (dietary intake was measured at 
baseline and 6  months). A 7-day combined food and activity diary developed for 
Diet Trials was used (see Appendix 6 ). For each day of the week, there is one page to 
record the date, day and time of food intake and physical activity. Participants were 
also asked to give a brief description about the type and brand of each food item 
eaten, how the food was prepared and which cooking method was used. They were 
also asked to describe the amount of food eaten, either using serving size, number of 
tablespoons, weight on the packet or using pictures at the back of the diary to show a 
typical portion size of a commonly consumed dish. Participants were also asked to 
list the ingredients of home/pre-packed sandwiches or recipes, including as much 
detail as possible about foods eaten outside the home. They were also asked to 
complete the activity diary for each activity participated in, including sitting at work, 
reading and watching television, and time spent sleeping. Participants were 
encouraged to contact the researcher (RG or RH) if they had any questions about 
filling in the diary. Dietary intake data was coded and analysed using a nutrient 
analysis programme (Windiets Research Version). Total energy intake, macro- and 
micronutrient intakes were also measured. Physical activity was also recorded and 
coded to estimate time spent in light, moderate, and vigorous activity for each 
individual and time-point. As the three groups were all males, the wives and partners 
were encouraged to attend each appointment to encourage dietary change in the 
home environment. To ensure compliance across the three intervention groups, a 
standardized manual including protocols, procedures and participant materials was 
used. The only differing information was the dietary information provided. The 
primary investigator, a state registered dietitian (AH) and RG completed all the 
dietary and athropometrical data at each of the appointment sessions for the high
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F&V and WM diets (baseline, 2 months and 6  months). RH provided all the 
aforementioned measurements for the appointment sessions in the LCD group.
All sessions were held at the Clinical Investigation Unit (CIU) at the University 
Surrey. Further dietary advice along with clarification of questions from volunteers 
regarding the three intervention groups was provided by telephone/email during the 
first 2 months. After the 2 months appointment contact was made with each 
volunteer by telephone/email at approximately 2  week intervals to offer motivational 
support and check progress. It is well acknowledged and accepted that as with any 
lifestyle advice, dietary recommendations must be delivered using a client-centred 
approach. Motivational interviewing along with behavioural modification tactics 
during the appointment sessions, that empowered the volunteer to take control of 
their weight loss were used. There were regular meetings with AH and RG to discuss 
participant’s progress, this was further enhanced by a good working relationship 
between both colleagues. RG was in regular contact with RH, to discuss study 
protocol and volunteer progression.
2.4.12 Fasting blood samples
A fasting spot (10-20ml) urine sample and a blood sample (30ml) were taken at three 
time-points (baseline, 2 and 6  months), as shown in Figure 2.2 Volunteers were 
fasted from 8 . 0 0  pm prior to the study day.
Trained phlebotomists (SH and SS) were asked to take blood samples for the 
duration of the study in order to minimize any associated discomfort. Following 
collection of venous blood, tubes were kept in an ice bath to reduce degradation. 
Whole blood was then centrifuged at 1750g (3000rpm) for 10 minutes. After 
centrifugation the plasma was separated from the red cells using a plastic Pasteur 
pipette and stored in 2ml microtubes at -20° C for subsequent analysis.
Analysis of the aforementioned bone turnover markers were sent to the Department 
of Clinical Chemistry, Royal Liverpool Hospital by Prof. W. Fraser’s group. Urine 
samples (10-20 ml) were collected in sterile plastic bottles and stored at -20°C until 
future analysis. Pyridininum crosslinks and N-terminal peptide were measured from 
urine samples as markers of bone resorption, and C-terminal peptide and P1NP was 
measured from plasma as markers of bone formation (see section 2 .6 ).
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2.4.13 Apparatus, chemicals and reagents
- Centrifuge.
- Butterfly needles, 0.8 x 22.2 mm (Venissystems, Sligo, Ireland).
- K EDTA tubes, 10 ml (BD Vacutainer®)- Plastic wholeblood tubes with spray 
coated K3  EDTA.
- Serum Seperator tubes (SST), 10 ml (BD Vacutainer®).Tubes with polymer and 
silica clot seperator. Serum tubes, 10ml (BD Vacutainer®). Tubes with clot 
activator.
- Vacutainers available from BD, Oxford Science Park, Oxford 0X4, 4DQ, UK.
- Apex microtubes, 2ml (Alpha Laboratories, Hampshire, UK)
- Syringes 30ml (BD Plastipak, Devon, UK)
- Urine bottles (BD, Devon, UK).
2.5 Recruitment
As recruitment had already commenced for the low carbohydrate diet study, it was 
not possible to randomize participants into one of three groups (LCD group, high 
F&V group, WM groups). Furthermore, given the very nature and immense 
differences between each of the diets randomization was not possible.
Advertisements for recruitment to the high fruit and vegetable diet, the low 
carbohydrate diet group and the weight maintenance group were placed in local 
newspapers and newsletters. Posters and flyers were placed around the university 
campus, Guildford town centre and neighbouring villages. Letters and posters were 
also sent to local GP surgeries, health centres and weight loss clubs. An additional 
source of advertising for the LCD group was through an advert in the ‘Dr Atkins 
New Diet Revolution’ book. An advert was placed in the inside cover of these books 
in local bookshops once permission had been gained from the retailers.
When participants responded to the advert, they were promptly contacted directly by 
the researcher (RG). If after being interviewed it was found that they met the 
inclusion and exclusion criteria and lived within close proximity of the university 
they were then sent an information pack. The information-pack included detailed 
information about the study protocol, a participant’s consent form, including a GP 
consent form. When the participant returned both their completed consent forms 
confirming there eligibility to participate on the study, they were sent an appointment 
letter to attend a consultation with the dietitian and (RG).
63
Blood was collected using a butterfly cannuli and a 30 ml syringe
V
Blood transfer to appropriate tubes
V
3 X 3.5 ml serum tubes 
3X3.5 ml SSTfl tubes 
1 X 10 ml k EDTA tube
V
Tubes rotated several times (according to protocol instructions)
V
Plasma samples were centrifuged at 1750g (3000 rpm) for 12 minutes at 2 °C.
Serum was siphoned off using a micropipette and pipette into labelled (2 ml 
microtubes)
Serum 
Serum spare
Serum spare 
Serum spare^
> -
Electrolytes
s s t  n
SSTII spare
SST II spare 
SST II spare"^
Acid-base measurements
EDTA 
EDTA spare 
EDTA spare 
EDTA spare
Bone formation markers
V
Stored at -  80°C
Figure 2.2 Protocol for collecting, separating and storing blood samples at 
Baseline, 2 and 6  months
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2.5.1 Low carbohydrate diet (LCD)
The aforementioned anthropometric, fasted bloods and urines samples were collected 
by RH. An additional 2 mis of blood was collected in EDTA tubes to measure bone 
turnover markers.
Table 2.4 Inclusion and exclusion criteria for recruitment
Inclusion Criteria Exclusion Criteria (current or prior history)
Men aged 21-65 years Coronary heart disease or pacemaker in situ
BMI 27-40 kg/m2 Known Type 1 or Type 2 diabetes
Currently not losing weight Renal failure or evidence of renal impairment
Live in close proximity to Unis Liver disease
Gout
Are being currently treated for clinical depression
and other psychological disorders, taking
medication for the above
Eating disorders including anorexia or bulimia
nervosa
Obesity of known cause e.g. Cushings disease
Are using any weight loss drug/ preparation
within 30 days prior to enrolment
Previous gastric/obesity surgery
Drug or alcohol abuse within the last 2 years
Uncontrolled thyroid disease or an abnormal TSH
level based on GP opinion
Respiratory disease (except stable asthma).
Are currently being treated for, a malignancy
Are suffering from rheumatoid arthritis
Are taking glucocorticoid medication
Use of lipid lowering or anti-hypertensive drugs
Competitive exercise
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2.5.2 High fruit and vegetable diet group (F&V)
The F&V (9 portions of fruit and vegetables/d) was similar in composition to the 
DASH (Dietary Approaches to Stop Hypertension) Trial. This trial demonstrated that 
bone turnover markers (OC and CTX) were significantly reduced, in those 
participants following the DASH diet (see section 1.11). The F&V diet was also 
based on the “Balance of Good Health” advocated by the Food Standards Agency 
(FSA). Furthermore, the diet was formulated to provide 1800-2000 kcal, (depending 
on BMI) which was designed to enable a weight lose of approximately 1-2 lb per 
week. Volunteers were asked to adhere to the diet for the duration of the study period 
(see Appendices 3 & 4).
2.5.3 Low carbohydrate diet group
The LCD group used in this study were following a modified version of the Atkins 
diet (Atkins, 2003). Participants consumed a very low carbohydrate intake initially 
(20g/d), increasing to 50g/d after two weeks of being on the diet. Modifications were 
made to ensure the diet was as nutritionally balanced as possible. These included 
introducing nutrient dense foods such as fruit, nuts and beans at an early stage and 
giving subjects advice to ensure K rich foods were included. A multi-vitamin and 
mineral supplement was also provided to ensure that any nutrient deficiency due to 
following the low carbohydrate diet could be minimized. Nutrient dense foods such 
as fruit, nuts and beans were also introduced as they are a rich source of K. 
Furthermore, Diet Trials had previously shown that K intake were generally low 
amongst partipants. Further practical advice was given to help volunteers adhere to 
the diet, these included diet sheets highlighting foods that could be eaten freely and 
those to avoid, meal and snack ideas, recipes, a suggested shopping list, a 
carbohydrate counter and carbohydrate values of common supermarket foods (please 
see Appendix 5 for examples).
2.5.4 Weight maintenance group (WM)
The weight maintenance group was recruited as a control group in order to identify 
changes in bone health indices that may occur because of weight loss as a 
consequence of following either of the aforementioned diets. This group was asked 
to maintain their baseline weight throughout the study.
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2.5.5 Dietary Analysis
Participants were given full instructions on how to complete their food diary using 
household measures where appropriate. Each diet diary included colour photographs 
illustrating a standard portion of a variety of foods items. All nutritional data 
collected during the 7-day period was entered into WinDiets by research students. 
Total energy intake, macro-nutrient and micronutrient composition were measured 
and the results were compared to UK reference nutrient intakes (Department of 
Health, 1991).
2.5.6 Physical activity
Each volunteer was asked to record their physical activity over the 7-day period in 
the combined food and activity diaries. Subjects were asked to record every activity 
they participated in on all 7 days, including intensity and duration. The volunteer’s 
were asked to record time spent asleep, washing and getting ready to commence 
daily tasks. Time spent at work and at home was also recorded, including meal 
preparation etc.
In order to assess the validity of the diet diaries the energy intake (El) reported was 
compared to predicted total energy expenditure (TEE). This was achieved by 
calculating the physical activity level (PAL) of each volunteer using the information 
provided in the activity section of the diary.
2.6 Methods for the analyses of biochemical markers of bone turnover
2.6.1 Preparation and sorting of plasma and urine samples
Frozen plasma and urine samples were sorted and packed into box containers and 
then place on dried ice. They were then transported to the Department of Clinical 
Chemistry at the Royal Liverpool Hospital, UK. Upon arrival, the samples were 
placed in the -20°C freezer for the subsequent analysis of bone turnover markers by 
Professor Bill Fraser research team. The laboratory is one of the largest in the UK 
and has state of the art equipment. More than 3000 samples per day are processed, 
including over 1000 immunoassays per day. There is a large departmental expertise
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in developing new biochemical assays, including immuno-assays and interpreting 
biochemical results.
2.6.2 Amino-terminal propeptide of type 1 procollegen (P1NP)
2.6.3 Apparatus, chemicals and reagents
Elecsys P-CrossLaps/serum kit. All reagents were cooled to 20-25°C before loading 
onto instrument.
Elecsys ProCell 
Elecsys CleanCell 
Elecsys 2010 Assay Cups 
Elecsys 2010 Assay Tips 
Internal Quality Control
External control was received from an exterior source
All reagents were supplied ready to use in dedicated reagent wedges.
The above products are available from Roche Diagnostics Ltd (except the external 
control).
2) Specimen Required
K EDTA tubes were used for the measurements of P1NP as plasma samples are more 
stable.
3) Collection Procedure
Once separated, samples were stored at 2-8°C until assayed. Once assayed, samples 
were then stored at -20°C, in the HPLC laboratory freezer. The sample assay 
required was 20 pi. All samples were run in duplicate.
All samples, calibrators and controls were at room temperature (20- 25°C) before 
analyses were performed.
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2.6.4 Principles of Method
1) Sandwich immunoassay principle.
(a) 1st incubation: 20 pi of sample, and a biotinylated monoclonal PINP-specific 
antibody, were incubated; together this lead to the antigen in the sample being 
liberated from the plasma components.
(b) 2nd incubation: After addition of streptavidin coated microparticles, and a 
monoclonal PINP-specific antibody labelled with a ruthenium complex, a sandwich 
complex was formed which then became bound to the solid phase via interaction of 
streptavidin and biotin.
The reaction mixture was aspirated into the measuring cell where microparticles 
were magnetically captured onto the surface of the electrode. Unbound substances 
were then removed with Procell.
The application of a voltage to the electrode then induced a chemiluminescent 
emission which was measured by a photomultiplier.
The results were determined via a calibration curve using an instrument which 
specifically generated a 2  point calibration and a master curve using the reagent 
barcode. (Okabe et a l, 2001). All of the above steps are performed automatically by 
the Elecsys 2010 analyzer (Roche, Lewes, UK).
The inter-assay and intra-assay CV were 3.7% and < 3.0% respectively. The 
measuring range of the assay was between 57 and 1109 p/1.
2.6.5 Collagen type cross-linked C-telopeptide (P-CTX) in Plasma
1) Apparatus, chemicals and reagents (As for the analysis of P1NP)
All reagents were supplied ready to use in dedicated reagent wedges.
Elecsys P-CrossLaps/serum kit. All reagents were cooled to 20-25°C before loading 
onto instrument.
Elecsys ProCell 
Elecsys CleanCell 
Elecsys 2010 Assay Cups 
Elecsys 2010 Assay Tips 
Internal Quality Control
External control was received from an exterior source.
69
The above products are available from: Roche Diagnostics Ltd (except the external 
control).
2) Specimen Required
K EDTA tubes were used for the measurements of p-CTX as the plasma sample is 
more stable.
A fasting morning sample is recommended for the measurement of p-CTX.
3) Collection Procedure
Once separated, samples were stored at -20°C in the HPLC laboratory freezer until 
assayed. Once assayed, samples were then stored at -20°C, in the HPLC laboratory 
freezer. The sample assay required was 50D1. All samples were run in duplicate.
All samples, calibrators, and controls were at room temperature (20-25°C) before 
analyses were performed.
2.6.6 Principles of Method 
1) Sandwich immunoassay principle.
(a) 1st incubation: 50jxl of sample, and a biotinylated monoclonal anti-pCrosslaps 
antibody, were incubated together; this caused the antigen in the sample to be 
liberated from the serum components.
(b) 2nd incubation: After addition of streptavidin coated microparticles, and a 
monoclonal P-Crosslaps-specific antibody labelled with a ruthenium complex, a 
sandwich complex was formed which then became bound to the solid phase via 
interaction of streptavidin and biotin.
The reaction mixture was aspirated into the measuring cell, where microparticles 
were magnetically captured onto the surface of the electrode. Unbound substances 
were then removed with Procell.
The application of a voltage to the electrode then induced a chemiluminescent 
emission, which was then measured by a photomultiplier.
The results were determined via a calibration curve using an instrument which 
specifically generated a 2  point calibration, and a master curve using the reagent
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barcode. (Okabe et a l, 2001). All of the above steps were performed automatically 
by the Elecsys 2010 analyzer (Roche, Lewes, UK).
The inter-assay and intra-assay CV was < 5 %  and between 0.1 and 3.6 ng/ml 
respectively. The measuring range of the assay was 0.01-6.00 ng/ml.
2.6.7 Urinary Free Pyridinoline (PyD and Deoxypyridinoline (DpD)
1) Apparatus, chemicals and reagents
Empty Bond Elute Cartridges (3ml reservoirs)
Frits for Bond Elute cartridges (Kinesis product).
Sample Extraction (VacMaster vacuum manifold and pump).
Computer/Integrator (MassLynx and QuanLynx software for Microsoft XP).
HPLC System (Waters Alliance 2795 chromatography system).
Column (Hypersil, C18 BDS lOcmx 2.1mm, Kinesis product).
Detector (Waters Quatro Premier XE).
Polypropelene tubes (10ml screw topped for sample preparation, Sarstedt).
Sample vials (0.15ml conical vials, in 2ml vials with open tops, Kinesis products). 
Autoclave
Microcentrifuge vials (Elkay Ltd).
Combitip (Eppendorf) 12.5ml and 50ml (Elkay Ltd).
Pippettes (Eppendorf) 200pl and lOOOpl adjustable.
6N Hydrochloric acid
The concentrated Hydrochloric Acid (534ml) was slowly added to deionised water, to a 
total volume of 1 0 0 0 ml.
0.05MHydrochloric acid
The concentrated Hydrochloric Acid (4.45ml) was added to deionised water, to a total 
volume of 1 0 0 0 ml.
90% Glacial acetic acid
Dilute concentrated Glacial Acetic Acid (450ml) was slowly added to deionised water, 
to a total volume of 500ml in a fume cupboard.
Butanolic eluent
Glacial acetic acid (400ml) was slowly added to the mixture of Butan-l-ol (1600ml) 
and deionised water (400ml) in a fume cupboard.
Cellulose surry
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Microgranular Cellulose (60g) was added to 600ml butanolic eluent in a fume 
cupboard. The solution was mixed well before use.
8% Formic Acid
Formic Acid (8 ml) was slowly diluted with deionised water, to a total volume of 
1000ml. The solution mixture was made up fresh for each batch.
0.2% Heptafluoro-butyric Acid (HFBA)
Heptafluoro-butyric Acid (0.1ml) was slowly diluted with deionised water, to a total 
volume of 50ml in a fume cupboard. The solution mixture was made up fresh for each 
batch.
Mobile Phase
(i) (0.1% HFBA): Heptafluoro-butyric Acid (500 pi) was diluted with deionised water, 
to a total volume of 500ml.
(ii) (0.1% HFBA in Methanol): Heptafluoro-butyric Acid (500 pi) was diluted with 
methanol to a total volume of 500ml. The solution mixture was prepared weekly.
Deionised water
Deionised water was obtained from the Millipore AFS-50 system in the HPLC 
laboratory.
Working Standard
Stock Calibration Standard lOOpl was diluted with 900pl 6 N Hydrochloric Acid. The 
solution was prepared fresh.
Working Internal Standard
Dilute 250pl Stock Internal Standard to 50ml with 90% glacial acetic acid. Prepare 
sufficient for batch.
2) Preparation of Stock Standard
A post-mortem human tibia was decalcify in 8 % formic acid solution for 14 days at 
4°C. A portion of the decalcified bone was washed well with water and then freeze- 
dried. The freeze-dried bone was separated into small pieces and each piece was 
hydrolysed with 1ml 6 N HC1 for 4 hours at 116°C in an autoclave.
The hydrolysates were pooled and filtered using glass wool to remove any coarse 
impurities.
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The plunger was removed from a 12.5ml Eppendorf Combitip and the bottom of the 
barrel was plugged with glass wool. The barrel was filled with cellulose slurry to give a 
depth of approximately 3cm after the liquid had drained away.
The pooled hydrolysate was added to an equal volume of glacial acetic acid and four 
times the volume of butanol. The mixture was passed down the column into a container 
where the waste was collected.
The column was then washed with butanolic eluent (250ml), in order to remove any 
interfering compounds.
The compounds of interest were eluted from the column with water (30ml), the eluate 
was then collected in approximately 1 ml aliqouts and then placed into 1 0 ml glass tubes. 
The eluates were then freeze-dried and the content of each tube was reconstituted with 
300pl of 0.05M HC1.
The volume of solution was assigned values according to the new standard. The new 
standard was then tested against the standard already in use. The original standard 
produced was assigned a value against a standard of authenticated material. The stock 
calibration standard was stored in 200]il ailquots at -20°C, prior to use.
2.6.8 Cr estimation
Each sample was assayed for its Cr content in urine by standard automated techniques 
(Boehringer Mannheim Lewes, UK) and the results were expressed as free 
PyD:Creat and free DpD:Creat (nmokmmol).
1) Preparation of clean-up columns
A frit was pushed down to the bottom of a 4ml bond-elut column ensuring that it was 
placed flat.
The tubes were dried by using the 2 KNF Laboport vacuum pumps that were 
attached to the 2 vacmaster glass tanks. A coarse/high vacuum was achieved by 
rotating the black plastic knurled knob on the vacuum manifold. A fine/low vacuum 
was then achieved by rotating the brass knurled knobs. In either case, clockwise 
rotation increases the vacuum.
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2) Sample processing
Samples were performed in batches of 40 tubes, including blanks, calibration 
standards, both high and low quality control (QC).
500jil of corresponding QC sample was added to all corresponding tubes. 500jil of 
volunteer’s urine sample was then added to each of the corresponding tubes. 500jll of 
concentrated HC1 was then added to the QC and volunteer’s urine samples.
800jxl of 6 N HC1 was added to the tubes marked calibration standard. 1ml of 6 N HC1 
was added to the blank tubes. 1ml of Working Internal Standard was added to all tubes, 
followed by 4ml of butanol. 1ml of cellulose slurry was then added to all tubes. The 
tubes were all capped and vortexed until well mixed.
The sample mixture was passed through the corresponding column under gravity, and 
all waste was drained. The columns were washed with 6 ml butanolic eluant under low 
vacuum. When all the eluant had drained through the column the vacuum was increased 
to high for approximately 30 min in order to dry off as much residual eluant as possible. 
500jil tetrahydrofuran (THF) was added to all columns and then allowed to drip 
through without vacuum, all waste was collected. When the THF had run through the 
column the vacuum was increased to high for approximately 1  hour to dry off the 
residual THF.
The compounds of interest (PyD and DpD) were eluted from the column by adding 1ml 
0.2% HFBA, the eluates was collected into 1.5ml microcentrifuge vials.
The eluates were spun at 12,000 rpm for 5 min in order to remove any cellulose 
fines. The supernatants were then transferred to sample vials ready for injection into 
the HPLC system. All samples were then transferred to 150pl conical inserts and 
placed in appropriate sample vials where they were then loaded onto the HPLC 
Analyser. The HPLC analyser was set up according to the SOP manual in the 
laboratory (Black et al., 1988; Fraser, 1998).
The inter-assay for free PyD and free DpD were 5.5% and 6.75 respectively. The 
intra-assay CVs were 2% and < 2.1% respectively. The intra-assay values were 
determined by performing repeated analysis of two urine samples 2 0  times within the 
same batch.
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Chapter 3 
Estimates of daily NEAP in the 
British elderly population: analysis 
of the National Diet and Nutrition 
Survey (NDNS)
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3 Introduction
The regulation of acid base homeostasis in humans is becoming increasingly 
important in nutrition science. Acid-base homeostasis is critical to health as the 
buffering and eventual removal of acid caused by an increase in hydrogen ion 
concentration, and as a result of digestion, absorption and metabolism, leads to 
metabolic disorders. Examples of the negative health consequences of increases in 
acid loading/acidosis include growth retardation of babies, decline in sports 
performance and increased atrophy and loss of muscle mass (Greenhaff et a l , 1988; 
Manz, 2001; Remer et al., 2003; Mitch & Du, 2004). Moreover, there is increasing 
evidence to suggest that even small disturbances in acid-base homeostasis have 
deleterious effects on bone remodelling in the animal/cellular model. Moreover, 
long-term perturbations in acid-base homeostasis may be a risk factor for 
osteoporosis, especially given that a high dietary acid load has been shown to 
increase Ca excretion and bone resorption (Wachman & Bernstein, 1968; Arnett & 
Dempster, 1986; Barzel, 1995; Arnett, 2003). Interestingly, Bushinsky and 
colleagues (2 0 0 1 ) have demonstrated that metabolic acidosis in neonatal mouse 
calvariae inhibits osteoblast function by decreasing the expression of extracellular 
matrix genes, including osteoblastic collagen synthesis, as well as reducing 
mineralization due to stimulation of osteoclastic resorption (Bushinsky, 2001). In 
addition dietary acid loading can have detrimental health outcomes through an 
increased urinary nitrogen loss and nephrolithiasis (Frassetto et a l, 1997; Frassetto et 
al, 2007).
Currently, there is a general agreement that diet can undoubtedly play an important 
role in the regulation of acid-base balance and that an individual’s net acid load can 
be specifically modified by dietary intervention (Remer & Manz, 1994; Remer & 
Manz, 1995; Frassetto et a l, 1998; Buclin et a l, 2001; New, 2002).
RNAE can be measured directly using 24-hr urine collection, but this is impractical 
in large population groups. A more practical indirect measurement of acid-base 
balance in healthy individuals has been developed that relies on predictions using 
validated formulae from nutrient intake data. Moreover, several algorithms for 
estimating the daily net endogenous acid production [NEAP] (see section 2.3) from 
the dietary composition of foods has been proposed by different investigators (Remer 
& Manz, 1994; Remer & Manz, 1995; Frassetto et a l, 1998; Remer et al., 2003;
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Frassetto et al., 2007). One such validated measurement was developed by Remer 
and colleagues (2003) and estimates PRAL, together with an assumed urinary 
excretion rate of OAs which is predicted from body surface area and collectively 
estimates NAEindirect (Remer et a l, 2003). Since Remer and Frassetto have 
demonstrated that diets rich in protein precursors cause an increase in acidity and, 
conversely, diets rich in K (organic anions) have an alkalising effect (Frassetto et al, 
2007), a simpler algorithm, based on the protein to K ratio, has been formulated by 
Frassetto and colleagues (Frassetto et a l, 1998).
3.1 Aim and objectives
The principal aims of this analysis were to: (i) quantify the daily net acid load using 
estimates of NEAP (specifying the algorithm used) in a nationally representative 
sample of British elderly men and women aged 65 years and older categorised by 
different age groups and between genders; (ii) compare and characterize estimated 
NEAP in relation to food groups likely to influence dietary acid loading and (iii) to 
determine whether geographical location in the UK influenced estimates of NEAP. A 
subsidiary aim was to compare the effect of using the different algorithms for 
calculating dietary acid-base load, because differing estimate values have been 
observed.
3.2 Methodology
The National Diet and Nutrition Survey, (NDNS), is an ongoing joint initiative, 
established in 1990 by the Ministry of Agriculture, Fisheries and Food (MAFF) and 
the Department of Health. The aims of the NDNS are to provide a comprehensive 
cross-sectional representation of the dietary habits and nutritional status of the 
population of Great Britain. The survey provides quantitative data on food and 
nutrient intakes (4-day weighed diet record), anthropometric measurements, 
demographic and lifestyle characteristics and other related biochemical indices.
This chapter focuses on the NDNS for people aged 65 years and over, with analysis 
restricted to those who provided a full 4-day food diary (Finch, 1998). Of an eligible 
sample of 2172 participants, 1275 (59%) free-living adults completed a food diary. 
Additionally, 412 (91%) of participants in institutions (nursing homes and residential
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homes for the elderly excluding people in acute hospital beds) completed a diet 
diary. Free-living participants were provided with two food diaries, a home diary in 
which foods weighed and eaten at home were recorded and an eating out diary for 
recording foods eaten outside the home.
To access the level of under-reporting during the survey period those participants 
with an EI:BMR ratio of < 1.2, were excluded (Goldberg, 1991). BMR was 
calculated using the equation based on the mean weight for the elderly population 
group as 13.5W + 487 in men and 10.5W + 596 for women, where W is the average 
weight in kg (James, 1990). This meant that 740 participants remained, of which 449 
were men and 291 were women. A further 19 participants were excluded from the 
analysis as their anthropometric data was not recorded. The survey was conducted 
between October 1994 and September 1995 in four stages, approximately 
corresponding to the four seasons of the year (Bates et al., 1999).
The NDNS dataset was downloaded from the UK Data Archive, University of Essex. 
This dataset provided detailed quantitative information on diet, nutritional status and 
related measurements. A master data file was created using variables taken from 
different portable SPSS data files as provided by the principle investigators. Each 
food code for a particular food group was summed together to give a total value for 
that food type. Participants were classified into quartiles based on their age, and net 
dietary acid load using estimated NEAP.
Descriptions of the earlier and most recent calculation models for estimating NEAP 
are described elsewhere (Remer & Manz, 1994; Frassetto et al., 1998; Remer et al., 
2003). Because several algorithms are commonly used, investigators in the field have 
recently agreed on standardized terminology related to estimating the diet-dependent 
net acid load from the composition of the diet, based on accepted physiological 
principles (Frassetto et al., 2007). Through-out this thesis PRAL0 riginai or 
PRALshortened will be used to denote PRAL; the precise algorithm will be given in 
each situation. In addidtion, the term estimated NEAP represents NAEindirect or 
protein: K algorithm where specified.
3.2.1 Estimates of daily net acid load
Dietary acid is produced by the metabolism of the amino acids cysteine and 
methionine from protein to sulphuric acid. Dietary bases are the weak organic acid
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salts of Mg, K and Ga, such as K citrate, which forms bicarbonate. The net balance 
between sulphate and phosphate, Mg, K and Ca represents P R A L . In addition 
organic acids (OAs) are excreted representing the incomplete metabolism of fats and 
carbohydrates and some minor dietary sources. Thus, overall net dietary acid 
production reflects the value of P R A L Shortened from acid and base forming components 
ingested daily plus OAs. For the body to remain in acid-base balance, the net amount 
of acid excreted should be equal to the net amount of acid produced. In contrast to 
the PRALoriginai equation, Na and Cl have been omitted since they are usually 
balanced in the diet, however Ca has been included as it is makes an important 
contribution to the overall dietary alkalinity in this elderly group.
NAEindirect (mEq/d) was calculated using the formula as detailed elsewhere (Remer et 
al., 2003; Frassetto et a l, 2007).
Estimated NEAP = NAEindirect (mEq/d) = £  [(SO4) + P +*EOA) -  (Mg + K + 
Ca)]
Where SO4 is sulfate calculated from the dietary protein (g/d) x 0.4888; P (mg/d) x
0.0366; K (mg/d) x 0.0205; Mg, mg/d x 0.0263; Ca (mg/d) x 0.0125.
This algorithm takes into account the average intestinal absorption rates of ingested 
protein and additional minerals as well as an anthropometry-based estimate for 
organic acid excretion.
^Endogenous organic acids (EOA) were calculated from the body surface area of 
each subject using the formula:
EOA = 41 x BSA (m2 )/1.73 (m2) (Kleinman, 1987)
Body surface area (BSA) was calculated using the following formula:
BSA (m2) = [Weight (kg) 0 '4 2 5  x Height (cm) 0 7 2 5  x 0.00718) (DuBois, 1916).
A reasonable correlation of the above NEAP estimate with analyzed NAE in 24-h 
urine samples (the gold standard for assessing net endogenous acid load) has been 
demonstrated in healthy adults and more recently in children and 16-18 y old 
adolescents (Remer & Manz, 1994; Remer et a l, 2003)
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A simpler calculation of NEAP estimates dietary acid load from protein (an acid 
precursor) and K (an index of base precursors from OA) using the formula (10).
Estimated NEAP (mEq/d) = [54.5 x protein (g/d)/K (mEq/d)] -  10.2
3.3 Classification of food groups
Table 3.1 presents the individual food items from each of the food groups most 
commonly consumed by British adults aged 65 years and older.
Table 3.1 Classification of food groups consumed
Grouped food (g)/drink (ml) Description of food/drink consumed
Fruits Fresh fruit; apples and pears, citrus fruit and bananas, other 
fruits; frozen and canned fruit.
Vegetables Fresh vegetables, carrots, tomatoes, leafy green vegetables 
(incl. broccoli), salads and vegetable dishes/other 
vegetables, frozen and canned vegetables.
Legumes Peas, green beans and baked beans.
Meats Bacon and ham, beef, veal, lamb, pork, chicken and turkey, 
liver, other meat dishes/meat products (incl. canned 
meat).
Fish White and oily fish, shellfish, other fish dishes/fish products 
(incl. canned fish).
Potatoes Boiled, mashed and fried/roasted, potato salads and dishes.
Bread White and wholemeal bread, soft grain, rolls and other bread 
products.
Cereals Pasta and rice, breakfast cereals and other cereals.
Biscuits/ cakes Biscuits (sweet and savoury), fruit pies, buns, cakes and 
pastries.
Milk/yoghurts Whole, semi-skimmed, skimmed and other milk and yoghurt 
(including goats, sheep and soya) and fromage frais.
Cheeses Cottage cheese and other cheese (soft cream, hard, 
vegetarian and processed).
Eggs Eggs and egg dishes
Desserts Cereal based milk puddings (dairy), sponge type puddings 
other puddings and ice-cream
Preserves Jams, fruit spread, marmalade, honey and lemon curd.
Coffee Instant, coffee bean and decaffeinated
Tea/herbal teas Infusion, instant and decaffeinated
Water Tap water, bottled water, still or carbonated, but not 
sweetened waters.
Savoury/sauces White sauces, sauce mixes, tomato ketchup, gravy, 
mayonnaise.
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3.4 Statistical analysis
Statistical analyses were performed using SPSS software (version 13; SPSS Inc, 
2005, Chicago). Descriptive statistics (median and interquartile range (IQR)) were 
determined for all variables. Data were checked for normality using the 
Kolmogorov-Smimov (KS) test. Variables that were normally distributed were 
analyzed using ANOVA with the post-hoc test Tukey. Variables that were not 
normally distributed were analyzed using the Kruskal-Wallis non-parametric test. An 
independent two sample t test was used to determine differences between genders.
In order to determine differences between quartiles of NEAP values the Kruskal- 
Wallis test was used. The Mann-Whitney U test was used to identify which specific 
quartiles were different from one another, due to the lack of a non-parametric post 
hoc test in the currently available version of SPSS. A Bonferroni correction was 
applied to take into account multiple testing. As there were 4 quartiles within groups, 
the P value was multiplied by a factor of 4 and the resulting value was taken as the P 
value. Spearman correlation coefficients were calculated for variables that were non- 
normally distributed. For comparisons of dietary acidity between regions, ANOVA 
with Tukey post hoc tests was used.
3.5 Results
3.5.1 Nutrient and anthropometric measurements in NDNS Dataset
The anthropometric and nutrient characteristics of the elderly males and females are 
shown in Tables 3.2. The median BMI for the total group was 25.9, which is above 
the recommended value for healthy individuals in both sexes. Median daily intake for 
energy was below the UK Estimated Average Requirement (EAR). However, daily 
intakes for protein, Ca, P and vitamin C were higher than the Reference Nutrient 
Intake (RNI) in elderly males and females (Department-of-Health, 1991). Median 
daily intakes of K and Mg were below the RNI in elderly men and women 
respectively. Women had significantly lower values (P< 0.001) for each of the 
macro- and micronutrients, except for vitamin C (P<0.01) and on average were older 
and had a slightly lower BMI.
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Table 3.2 Anthropometric measurements and macro- and micronutrient intake 
for men and women including under-reporters
Factor/Nutrient All (1687) Men (836) Women (851)
Median IQR Mediani IQR Median IQR
Age 78 13 77 1 2 7 9 """ 13
BMI (kg/m2) 25.9 5.6 25.8 5 25.9 6.3
EI:BMR 1 . 2 0.4 1.3 0.4 1.4 0.4
Weight (kg) 67.6 18.6 72.4 17 61.8*** 16.8
Height (cm)* 161.1 14.5 167.8 1 0 154.5*** 9.7
Energy (kcal) 1615 635 1881 620 1440*** 462
Protein (g) 60 23 6 8 23 55*** 18
Carbohydrate(g) 2 0 1 8 6 231 90 182*** 65
Fat(g) 64 30 72 31 58*** 25
Ca (mg) 752 354 826 365 682*** 327
K (mg) 2277 933 2498 1003 2085*** 752
Mg (mg) 204 94 228 106 184*** 76
P (mg) 1056 431 1175 447 967*** 353
Vitamin C (mg) 48 42 51 43 45** 41
Median value was significantly different when compared to
men:** P<0.01***P<0.001. f  An independent two-sample t test was
used.
Mann-Whitney Tests were used for the analysis.
3.5.2 Food consumption from the NDNS Dataset
Consumption of fruit and vegetables was below the current recommendation of five 
portions/d. The median intake in the total group was 2.9 portions/d. Elderly men had 
slightly higher median intakes (3 portions/d) when compared with women (2.8 
portions/d).
The data showed that the consumption of meat and meat-based dishes was 
expectantly, and significantly higher for men (197g/d) than for women (146g/d). The 
most commonly consumed foods in this group were mashed or baked potatoes, 
bread, biscuits and cakes. Tea was the most commonly consumed beverage 
(1096ml/d) with the next preferred refreshment being milk (400ml/d), followed by 
water (322ml/d). Bacon and ham were the most commonly consumed meats, eaten 
by approximately two-thirds of participants.
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Table 3.3 Food intakes for elderly men and women
Grouped food 
(g)/drink (ml)
All (1687) Men (836) Women (851)
Median IQR Median IQR Median IQR
Fruit 109 189 105 197 1 1 2 "* 183
Vegetables 124 130 135 133 114 123
Legumes 29 63 33 6 6 26* 55
Meats 171 131 197 136 146*** 1 2 1
Fish 44 81 47 8 8 43** 75
Potatoes 158 126 180 134 142*** 113
Bread 148 1 0 0 171 106 128*** 85
Cereals 69 155 76 136 51*** 95
Biscuits/cakes 81 97 91 106
***71 84
Milk/yoghurt 420 342 422 340 420 345
Cheeses 1 0 26 13 31
***
8 2 2
Eggs 2 2 50 25 55 2 2 *** 39
Desserts 69 158 79 173 - *** 61 143
Preserves/jams 7 24 7 26 7 23
Coffee 26 313 50 328 5 297
Tea/herbal tea 1096 739 1177 803 1040*** 676
Water (ml) 323 590 324 6 6 8 321 535
Savoury/ sauces 54 119 59 126 49** _ ___ 1 1 2Median value was significantly different from that for men: P<0.05,
** PcO.Ol, ***P<0.001. Mann-Whitney Tests were used for the analysis.
3.5.3 Estimates of dietary acidity in the UK population using PRALoriginai: age 
and gender specific
Estimates of dietary acidity in the UK elderly population using P R A L 0nginai and 
categorised according to gender and different age groups are summarised in Table 
3.4. The mean value for P R A L originai was 4.6 ± 8.9 mEq for the total group. Initially, 
there was a significant increase in P R A L  across the age ranges, however the mean 
values were very similar (4.0 (Q 1) Vs 4.2 (Q 4)) for the total group and for men (5.3 
(Ql) Vs 5.5 (Q4)).There were no significant changes for the mean values between all 
men and women. The mean value for 
PRALoriginai was 41.4% lower in women.
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3.5.4 Dietary nutrient profile according to quartiles of dietary acidity using
P R A L o r i g i n a l
The median values for the macro- and micronutrients categorised according to 
quartiles of acidity is shown in Table 3.5. For estimates of P R A L o r i g i n a i  in both sexes 
higher energy, protein, fat, Ca and P intakes were significantly associated with higher 
acid loads (PcO.OOl), except for energy (PcO.Ol) and Ca (Pc0.05) in women. 
Lower K and Vitamin C intakes were associated with a higher dietary acid load in 
both men and women (PcO.OOl). Although there was a significant association for 
intakes of Mg to fall with increasing dietary acidity in elderly men (PcO.OOl), there 
was a greater initial drop observed across the first 3 quartiles. Again, in women there 
was an initial significant decrease in Mg intakes as dietary acidity increased across 
quartiles of P R A L  ( P  < 0.001), however this observation was not evident between all 
quartiles, i.e. between (1 and Q 4).
3.5.5 Dietary food group profile according to quartiles of dietary acidity using
P  R A L o r i g i n a l
A  comparison of the median values for food groups categorised according to 
quartiles of P R A L orig in a i  is shown in Table 3.6. An increase in P R A L 0 Ii g in a i was 
significantly associated with a reduction in fruit intakes in elderly men (P<0.01) and 
women (PcO.OOl) respectively. Furthermore, there was a significant relationship 
associating an increased vegetable consumption with lower dietary acidity as 
measured by P R A L o r i g i n a i  in both elderly males (P<0.05) and females (PcO.OOl). 
There was no clear or significant trend for changes in legume consumption in men or 
women with increasing quartiles of PRALoriginai- Higher intakes of meat and eggs 
significantly contributed to higher P R A L orig in a i  in men (PcO.OOl), however only 
higher meat consumption in women was associated with higher P R A L orig in a i  
(PcO.OOl) with eggs marginally below significance (P=0.067). Higher fish 
consumption significantly contributed to higher P R A L orig in a i  in women (PcO.OOl), 
and a similar but non significant trend was observed in men. Higher potato intakes in 
elderly males and females was significantly associated with lower P R A L ori g in a i values 
(PcO.OOl). Lower consumption of bread was associated with lower P R A L ori g in a i in 
both elderly males and females (PcO.OOl). There was no clear or significant trend for
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changes in cereal consumption with an increase in P R A L orig in a i  in men, however in 
women a significant relationship (Pc0.05) was seen between increasing bread 
intakes and increasing dietary values for P R A L orig in a i .  Milk and yoghurt intakes 
varied widely with a significant trend in men towards a reduction in this food group 
being associated with a higher P R A L orig in a i. However, those individuals with the 
greatest consumption of milk and yoghurt products were categorised into quartiles 4,
i.e. an increased intake of these dairy foods contributed to higher values for 
P R A L o r i g i n a i . .  No significant trend was seen in elderly women. Higher intakes of 
cheese in men and women were associated with increased P R A L orig in a i values 
(PcO.OOl, P<0.05) respectively. There was a significant association between 
increased consumption of biscuits and cakes and lower estimates of PRALoriginai in 
men (PcO.Ol), a similar non significant trend was observed in women. Increased 
consumption of desserts was significantly associated with higher P R A L o r i g i n a i  values 
in women (Pc0.05). Coffee consumption in men and women significantly fell with 
increasing P R A L o r i g i n a i  (Pc0.05, PcO.OOl) respectively. There was a non significant 
trend in men towards a higher tea consumption being associated with higher 
P R A L o r i g i n a i -  A  similar observation was seen in women with higher intakes having a 
positive impact on dietary acid load. Increased consumption of water in men was 
significantly associated (Pc0.05) with a reduction in P R A L o r i g i n a i -  In women, there 
was a significant trend between various quartiles of P R A L o r i g i n a i  as indicated in Table
3.6 and water consumption, with lower intakes associated with higher estimates of 
P R A L o r i g i n a i -  Consumption of savoury and sauces in women varied widely, with a 
trend towards higher intakes being associated with increased estimates of 
PRALoriginai, however there was no clear trend in men.
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3.5.6 Nutrient and anthropometric measurements in NDNS Dataset without
under reporters
The anthropometric and nutrient characteristics of the elderly males and females are 
illustrated in Tables 3.7. Median daily intake for energy was below the UK EAR. 
However, daily intakes for protein, Ca, P and vitamin C were higher than the 
reference nutrient intake (RNI) in elderly males and females (Department-of-Health, 
1991). Median daily intakes of K and Mg were below the RNI in elderly men and 
women respectively. Women had significantly lower values (.P< 0.001) for each of 
the macro- and micronutrients, including vitamin C and on average were older and 
had a slightly lower BMI.
Table 3.7 Anthropometric measurements and macro- and micronutrient intake 
for men and women without under-reporters
Factor/Nutrient All (740) Men (449) Women (291)
Median IQR Median IQR Median IQR
Age 77 13 76 11 80*** 14
BMI (kg/m2) 25.1 5.5 25.5 5.1 24.4 5.9
ELBMR 1.4 0.3 1.4 0.3 1.4 0.3
Weight (kg) 66 18.5 71.3 16.5 58*** 14.8
Height (cm) 162.6 14.4 167.8 10.5 154*** 10.5
Energy (kcal) 1940 510 2093 452 1685*** 335
Protein (g)§ 69 22 74 20 60*** 18
Carbohydrate (g) 242 75 263 70 212*** 55
Fat (g) 77 25 83 26 ?1«* 21
Ca (mg) 871 331 922 334 828*** 308
K (mg) 2622 . 926 2848 941 2317*** 818
Mg (mg) 239 101 266 108 212*** 81
P (mg) 1223 420 1321 387 1091*** 368
Vitamin C (mg) 53 44 60 48
***
46 40
Mann-Whitney Tests were used for the analysis. Tests are between men and women. 
Median values were significantly different compared with men***P<0.001.
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3.5.7 Food consumption data from the NDNS Dataset without under reporters
Consumption of fruit and vegetables as shown in Table 3.8 was below the current 
recommendation of 5 portions/d. The median intake in the total group was 3.2 
portions/d. Elderly men had slightly higher median intakes (3.4 portions/d) compared 
to women (2.9 portions/d).
The most commonly consumed foods in this group were potatoes (177g/d), bread 
(172g/d), biscuits and cakes (105g/d), the latter foods being eaten in greater quantities 
by women. Tea was the most commonly consumed beverage (1167ml/d), with the next 
preferred refreshment being milk (449ml/d)and then followed by water (352ml/d). The 
data show that consumption of meat and meat-based dishes was significantly higher for 
men (213g/d) than in women (158g/d).
Table 3.8 Food intake for men and women without under-reporters
Grouped food 
(g)/drink (ml)
All (740) Men (449) Women (291)
Median IQR Median IQR Median IQR
Fruit 120 205 127 218 110 182
Vegetables 136 135 148 147 121** 113
Legumes 31 69 36 76 27* 55
Meats 188 129 213 143 158*** 116
Fish 49 87 53 88 44* 79
Potatoes 177 131 192 139 154*** 106
Bread 172 98 186 114 146*** 81
Cereals 97 159 98 159 96 169
Biscuits/cakes 105 100 114 110 99** 89
Milk/yoghurt 475 346 459 333 490 382
Cheeses 15 33 16 35 12* 29
Eggs 25 54 26 60 22** 46
Desserts 199 1104 92 175 1205*** 155
Preserves/ jams 12 30 11 31 13 30
Coffee 83 335 88 377 58 294
Tea/herbal tea 1167 776 1222 814 1103** 630
Water (ml) 352 643 353 746 352 543
Savoury/sauces 62 122 66 136 61* _ _ 111Median value was significantly different from that for men: P<0.05,
PcO.Ol, ***P<0.001. Mann-Whitney Tests were used for the analysis.
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3.5.8 Estimates of dietary acidity in the U K  population using PR A Lorigmai 
without under-reporters: age and gender specific
Estimates of dietary acidity in the UK elderly population using P R A L originai and 
categorized according to gender and different age groups are summarized in Table 
3.9. The mean value for PRALoriginai was 5.4 ± 9.7 mEq for the total group. Initially, 
there was a steady non significant increase in P R A L originai across the age ranges until 
the age grouping 78-84 years, a small decline of 1.1 mEq/d was observed between 
the aforementioned age group and the latter quartile (85-100 years) for the total 
group. A  similar observation was seen for both men and women, however the mean 
value for PRALoriginai was 28% lower in women when compared with men.
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3.5.9 Dietary nutrient profile according to quartiles of dietary acidity using 
PRALoriginai without under-reporters
A  comparison of the median values for the macro- and micronutrients categorised 
according to quartiles of PRALoriginai is shown in Table 3.10. For estimates of 
PRALoriginai in men and women higher energy levels were non-significantly 
associated with higher dietary acid loading. Expectantly, an increase in protein 
consumption was significantly associated with higher estimates of PRALoriginai in 
both sexes (PcO.OOl). Lower carbohydrate levels were significantly associated with 
higher quartiles of PRALoriginai, however a similar non significant trend was found in 
women. There was a significant relationship between increased fat consumption and 
higher estimates of PRALoriginai (P<0.05). P  intakes were significantly associated 
with higher acid loads in both men and women (PcO.Ol). Higher Ca intakes were 
non-significantly associated with higher estimates of PRALoriginai in men and 
women. Lower Mg levels were significantly associated with increasing quartiles of 
PRALoriginai (Pc0.05). The opposite relationship was shown in women (PcO.Ol). 
Higher K levels were associated with a lower dietary acid load in both elderly men 
and women (PcO.OOl). Increasing Na and Cl levels were significantly associated 
with higher estimates of P R A L 0riginai in men (PcO.Ol, PcO.OOl) respectively. 
Similarly, both nutrients were seen to contribute to an increase in estimates of 
PRALoriginai in women, with Cl showing a significant relationship (PcO.Ol). There 
was a clear reduction in vitamin C levels with increasing dietary acidity for both men 
and women (PcO.OOl) respectively.
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3.5.10 Dietary food group profile according to quartiles of dietary acidity using 
PRALoriginai without under-reporters
A comparison of the median values for food groups categorised according to 
quartiles of P R A L o r i g i n a i  is shown in Table 3.11. A  decrease in estimates of 
P R A L o r i g i n a i  was significantly associated with an increase in fruit intakes in both 
sexes (PcO.OOl). A  similar significant trend for vegetable consumption was observed 
in elderly men (PcO.OOl) and women (PcO.Ol). Higher intakes of meat and eggs 
significantly contributed to higher estimates of P R A L o r i g i n a i  in men and women 
(PcO.Ol). There was a non-significant association with higher fish intakes 
significantly contributing to higher P R A L o r i g i n a i  in elderly men, with significant 
difference between (Q3 Vs Q4) in women (Pc0.05). Higher potato intakes in elderly 
males and females was significantly associated with lower P R A L orig in a i  values 
(PcO.Ol, PcO.OOl) respectively. Lower consumption of bread was significantly 
associated with lower P R A L orig in a i  in both elderly males (PcO.Ol) and females 
(PcO.OOl) respectively. Milk and yoghurt intakes in men increased non-significantly 
with increasing estimates of P R A L o r i g i n a i -  Higher consumption of milk and yoghurt 
foods led to a significant increase in estimates of P R A L o r i g i n a i  (P<0.05). Higher 
intakes of cheese in men was associated with increased P R A L o r i g i n a i  values (PcO.Ol), 
cheese intakes in women remained relatively constant with increases in P R A L 0 Iig in a i-  
Coffee consumption in men and women significantly fell with increasing P R A L o r i g i n a i  
(Pc0.05). Increased consumption of water in both sexes was significantly associated 
with a reduction in P R A L orig in a i  (P<0.05). Increased consumption of savoury and 
sauces in men was significantly associated with lower estimates of P R A L o r i g i n a i  
(PcO.Ol). A  similar non-significant trend was observed in women.
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3.5.11 Estimates of dietary acidity in the UK population using PRALshortened: 
age and gender specific with under-reporters
Estimates of dietary acidity in the UK elderly population using P R A L Shortened and 
categorised according to gender and different age groups are summarised in Table 
3.12. The mean value for PRALshortened was 6.4 ± 8.6 mEq/d for the total group. 
Initially, there was a steady significant increase in P R A L Sh0rtened across the age ranges 
until the age grouping 78-84 years, a small decline of 1.4 mEq/d was observed 
between the aforementioned age group and the latter quartile (85-100 years) for the 
total group (PcO.Ol). However, P R A L Sh0rtened remained higher in the oldest age group 
when compared to the youngest group (ImEq/d of a difference). There was no 
significant difference between quartiles of age in men, but there was a trend towards 
an increase in PRALshortened' across the age groups. A  significant increase in 
P R A L shortened in elderly women was observed with increasing age, this was most 
evident between quartiles 1 and 3 (PcO.OOl). Nevertheless, there was a reduction in 
PRALshortened between quartiles 3 and 4. Overall, there was an increase of 1.9mEq/d 
between quartiles 1 and 4 (P<0.05). The mean value for PRALshortened was 39% lower 
in women when compared with men (PcO.OOl).
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3.5.12 Dietary nutrient profile according to quartiles of dietary acidity using 
PRALshortened with under-reporters
A  comparison of the median values for the macro- and micronutrients categorized 
according to quartiles of P R A L Shortened is shown in Table 3.13. Initially, a reduction in 
energy levels was associated with an increase in quartiles of P R A L Sh0rtened in men and a 
similar trend was observed across quartile 1 and 3 in women. However, overall higher 
energy levels were significantly associated with an increase in dietary acid loading in 
both sexes (PcO.OOl). As was expected, an increase in protein consumption was 
significantly associated with higher estimates of PRALshortened in both elderly males and 
females (PcO.OOl).In men higher carbohydrate intakes were associated with lower 
estimates of PRALshortened. Higher carbohydrate consumption in women was significantly 
associated with an increase in PRALshortened- There was a significant relationship 
between increased fat consumption and higher estimates of PRALshortened in both sexes 
(PcO.OOl). P intakes were significantly associated with higher acid loads in both men 
and women (PcO.Ol). Higher Ca intakes were significantly associated with higher 
estimates of PRALshortened in men (PcO.Ol), a similar non-significant trend in women 
was observed. Generally, lower Mg levels were significantly associated with increasing 
quartiles of PRALshortened (PcO.Ol) in men. However, in women there was a significant 
trend found relating lower Mg levels with higher estimates of PRALshortened between 
quartiles 1 and 3. Overall, there was no difference between quartiles 1 and 4 with regard 
to estimates of PRALshortened in this latter group. Higher K levels were associated with a 
lower dietary acid load in both elderly men and women (PcO.OOl). Increasing P levels 
were significantly associated with higher estimates of PRALshortened in men and women 
(PcO.OOl). There was a clear reduction in vitamin C levels with increasing dietary 
acidity for both men and women (PcO.OOl) respectively.
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3.5.13 Dietary food group profile according to quartiles of dietary acidity using 
P R A L s h o r t e n e d
A  comparison of the median values for food groups categorised according to 
quartiles of P R A L Sh 0rten e d  is shown in Table 3.14. Higher estimates of P R A L Sh 0 rten ed  
were significantly associated with a lower consumption of fruit and vegetables in 
both sexes (PcO.OOl). Higher intakes of meat and eggs significantly contributed to 
increased estimates of PRALshortened in men and women (PcO.OOl). There was a 
significant association with higher fish intakes significantly contributing to higher in 
elderly P R A L Sh 0 rten ed  men between quartiles 2 and 4 (Pc0.05). Higher fish 
consumption in women was significantly associated with higher estimates of 
PRALshortened (PcO.OOl). Higher potato intakes in elderly males and females was 
significantly associated with lower PRALshortened values (PcO.OOl). Higher 
consumption of bread was significantly associated with higher PRALshortened values in 
both elderly males and females (PcO.OOl). Milk and yoghurt intakes in men and 
women increased non-significantly with increasing estimates of PRALshortened- Higher 
intakes of cheese in men was significantly associated with increased PRALshortened 
values (PcO.OOl), cheese intakes in women remained relatively steady with increases 
in PRALshortened Increased consumption of desserts was significantly associated with 
higher PRALshortened values in men between quartiles 1 and 3 (PcO.Ol), however 
there was a decline in intakes of dessert and increases in estimates of PRALshortened 
between quartiles 3 and 4. Yet, there was a significant association between higher 
intakes of desserts and increased estimates of PRALshortened (Pc0.05). Lower intakes 
of desserts was significantly associated with a reduction in estimates of PRALshortened 
(PcO.OOl). Coffee consumption in men and women significantly fell with increasing 
PRALshortened (PcO.Ol, PcO.OOl) respectively. Lower consumption of water in 
women was significantly associated with a higher PRALshortened (PcO.OOl).
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3.5.14 Estimates of dietary acidity in the UK population without under­
reporters using PRALshortened^  age and gender specific
Estimates of dietary acidity in the UK elderly population using PRALshortened and 
categorised according to gender and different age groups are summarised in Table
3.15. The mean value for P R A L Sh0rtened was 7.5 ± 9.2 mEq for the total group. There 
was a steady significant increase in quartiles of PRALshortened across the age ranges 
(Pc0.05), with a negligible drop of 0.2 mEq/d in P R A L Sh0rtened in the last quartile 
when compared with the 3rd quartile. However, there was a large increase when 
quartiles 1 was compared with quartile 4 (2.4 mEq/d) in the total group (Pc0.05). A  
similar observation was seen in women, with increasing age being associated with an 
increase in estimates of PRALshortened (Pc0.05). The mean value for PRALshortened was 
27.4% lower in women when compared with men (Pc0.05).
3.5.15 Dietary nutrient profile according to quartiles of dietary acidity using 
PRALshortened without the under-reporters
A  comparison of the median values for the macro- and micronutrients categorized 
according to quartiles of acidity (as measured by PRALshortened) is shown in Table
3.16. Initially, a reduction in energy levels was associated with an increase in 
quartiles of PRALshortened in men across quartile 1 and 3, and a similar trend was 
observed in women. However, overall higher energy levels were significantly 
associated with an increase in dietary acid loading in both men and women (Pc0.05, 
PcO.Ol) respectively. As was expected, an increase in protein consumption was 
significantly associated with higher estimates of PRAL in both elderly males and 
females (PcO.OOl). In men higher carbohydrate intakes were significantly associated 
with lower estimates of PRAL (Pc0.05). There was a non-significant trend between 
increases in carbohydrate consumption and higher estimates of PRAL in women. 
There was a significant relationship between increased fat consumption and higher 
estimates of PRAL in both sexes (PcO.OOl). Higher Ca intakes were significantly 
associated with higher estimates of PRAL in men (Pc0.05). Lower K levels were 
associated with a higher dietary acid load in both elderly men and women (PcO.OOl). 
Generally, lower Mg levels were significantly associated with increasing quartiles of
103
PRALshortened in men and women (PcO.OOl). Lower P intakes were significantly 
associated with reduced estimates of PRALshortened in both men and women (PcO.Ol). 
There was a clear reduction in vitamin C levels with increasing PRALshortened for both 
men and women (PcO.OOl).
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3.5.16 Dietary food group profile according to quartiles of dietary acidity using 
P R A L s h o r t e n e d  with under-reporters
A  comparison of the median values for food groups categorised according to 
quartiles of PRALshortened is shown in Table 3.17. An increase in PRALshortened was 
significantly associated with a reduction in fruit intakes in elderly men and women 
(PcO.OOl). Lower estimates of PRALshortened were significantly associated with a 
higher consumption of vegetables in men (PcO.OOl) and women (Pc0.05). There 
was no clear or significant trend for changes in legume consumption in both sex with 
increasing PRALshortened. Lower intakes of meat significantly contributed to a 
reduction in estimates of PRALshortened in men and women (PcO.OOl). There was a 
significant association with higher fish intakes contributing to higher PRALshortened in 
elderly men between quartiles 2 and 4 (Pc0.05). A  similar non-significant trend was 
seen in women with those having higher estimates of PRALshortened consuming 
greater amounts of fish. Higher potato intakes in elderly males and females was 
significantly associated with lower PRALshortened (PcO.OOl). Higher intakes of bread 
was significantly associated with higher PRALshortened values in both elderly males 
and females (PcO.OOl). Milk and yoghurt intakes in men and women increased non- 
significantly with increasing estimates of PRALshortened- Higher intakes of cheese in 
men was significantly associated with increased PRALshortened values (PcO.OOl), 
cheese intakes in women remained relatively steady with increases in P R A L Shortened> 
no significance was observed. Lower egg consumption was significantly associated 
with a reduction in estimates of PRALshortened- Egg intakes in women remained 
relatively steady across quartiles of PRALshortened- Increased consumption of desserts 
was significantly associated with higher PRALshortened values in men (particularly 
between quartiles 1 and 3 (PcO.Ol)) and women (Pc0.05). Coffee consumption in 
men and women significantly fell with increasing P R A L sh o rte n e d  (PcO.O5) 
respectively.
3.5.17 Estimates of dietary acidity in the UK population using NAEjndirect • age 
and gender specific
Estimates of dietary acidity in the UK elderly population using NAEindirect and 
categorised according to gender and different age groups are summarised in Table
108
3.18. The mean value for NAEindirect was 47.0+10.4 for the total group. Initially, there 
was a steady significant increase in quartiles of NAEindirect across the age banding; 
however there was a negligible drop of 0.4 mEq/d (between quartiles 2 and 3). A 
further reduction in NAEindirect was found in the last quartile when compared with 
quartile 3. A significant difference was observed across the age ranges in the total 
group (PcO.OOl). NAEindirect remained relatively stable across the age ranges in 
elderly men. In women an increase in age was significantly associated with an 
increase in estimates of NAEindirect (P<0.05), however there was a slight drop 
observed in estimates of NAEindirect in the last quartile when compared with quartile 1 
(0.9 Meq/d). The mean value for NAEindirect was 16.4% lower in women when 
compared with men (P<0.05).
3.5.18 Dietary nutrient profile according to quartiles of dietary acidity using
N A E in d ir e c t
A comparison of the median values for the macro- and micronutrients categorised 
according to quartiles of acidity is shown in Table 3.19. An increase in energy levels 
was significantly associated with higher estimates of NAEindirect in elderly men and 
women (PcO.OOl). As was expected, an increase in protein consumption was 
significantly associated with higher estimates of NAEindirect in both sexes (PcO.OOl). 
There was very little variability in carbohydrate intakes across quartiles of NAEindirect 
in either men or women. There was a significant relationship between increased fat 
consumption and higher estimates of NAEindirect in both sexes (PcO.OOl). Higher Ca 
intakes were significantly associated with higher estimates of NAEindirect in men 
(PcO.OOl), a similar non-significant trend was observed in women. Higher K levels 
were significantly associated with a lower dietary acid load in both elderly women 
(Pc0.05), a similar non-significant trend was found in men. Higher P intakes were 
significantly associated with a rise in NAEindirect in both men and women (PcO.OOl). 
There was a clear reduction in vitamin C levels with increasing NAEindirect for both 
men and women (PcO.Ol, PcO.OOl) respectively.
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3.5.19 Dietary food group profile according to quartiles of dietary acidity using
N A E in d ir e c t
A comparison of the median values for food groups categorised according to 
quartiles of NAEindirect is shown in Table 3.20. An increase in NAEindirect was 
significantly associated with a reduction in fruit intakes in elderly men (PcO.Ol) and 
women (PcO.OOl) respectively. An increase in vegetable consumption was 
significantly associated with a reduction in estimates of NAEindirect- There was a trend 
for vegetable consumption to fall in men with increasing NAEindirect, but this was not 
significant. There was a slight increase in estimates of NAEindirect with higher intakes 
of legumes in women (PcO.OOl), no clear or significant trend for changes in legume 
consumption in men with increasing NAEindirect was observed. Higher intakes of meat 
significantly contributed to higher NAEindirect in both sexes (PcO.OOl) respectively. 
Higher consumption of fish significantly contributed to higher estimates of 
NAEindirect in men (PcO.Ol), and women (Pc0.05). Higher potato consumption in 
elderly males and females was significantly associated with lower NAEindirect values 
(Pc0.05, PcO.OOl). Higher intakes of bread were associated with higher estimates of 
NAEindirect in both elderly males and females (PcO.OOl) respectively. There was no 
clear or significant trend for changes in cereal consumption with an increase in 
NAEindirect in men or women. Milk and yoghurt intakes varied widely with no 
significant trend according to estimates of NAEindirect in men. In women there was a 
non-significant trend with higher consumption of the aforementioned dairy foods 
yielding lower estimates of NAEindirect- Higher intakes of cheese in men were 
associated with increased NAEindirect values (PcO.OOl), there was no clear or 
significant trend for changes in cheese consumption and estimates of NAEindirect in 
women. Lower egg consumption was significantly associated with a reduction in 
estimates of NAEindirect in men (PcO.OOl). Egg intakes fluctuated somewhat between 
quartiles 1 and 2 in women, however an increase in NAEindirect was observed with 
higher egg consumption. Higher intakes of preserves and jams was significantly 
associated with increased NAEindirect between quartiles 1 and 2 and 3 (Pc0.05) in
112
men, but there was no clear relationship with NAEindirect values in women. Coffee 
consumption in women significantly fell with increasing NAEindirect (PcO.OOl), yet 
intakes of coffee in men remained stable across quartiles of NAEindirect- Lower tea 
consumption was significantly associated with lower NAEindirect in elderly women 
(P<0.05). The opposite was seen in men with higher intakes causing an increase in 
estimates of NAEindirect-
113
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3.5.20 Estimates of dietary acidity in the UK population using NAEindirect 
without under-reporters: age and gender specific
Estimates of dietary acidity in the UK elderly population using NAEindirect and 
categorised according to gender and different age groups are summarised in Table 
3.21. The mean value for NAEindirect was 47.0 ± 10.4 mEq for the total group. 
Initially, there was a steady significant increase in quartiles of NAEindirect across the 
age groups; however, there was a negligible drop of 0.4 mEq/d (between quartiles 2 
and 3). A further reduction in NAEindirect was found in the last quartile when 
compared with quartile 3. A significant difference was observed across the age 
ranges in the total group (P<0.001). NAEindirect remained relatively stable across the 
age ranges in elderly men. In women an increase in age was significantly associated 
with an increase in estimates of NAEindirect (/><0.05), however there was a slight drop 
observed in estimates of NAEindirect in the last quartile when compared with quartile 1  
(0.9 mEq/d). The mean value for NAEindirect was 16.4% lower in women when 
compared with men (P<0.05).
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3.5.21 Dietary nutrient profile according to quartiles of dietary acidity using 
NAEindirect without under-reporters
A comparison of the median values for the macro- and micronutrients categorised 
according to quartiles of acidity is shown in Table 3.22. An increase in energy levels 
was significantly associated with higher estimates of NAEindirect in elderly men and 
women (PcO.OOl). Again an increase in protein consumption was significantly 
associated with higher estimates of NAEindirect in both sexes (PcO.OOl). There was 
very little variability in carbohydrate intakes across quartiles of NAEindirect in either 
men or women. There was a significant relationship between increased fat 
consumption and higher estimates of NAEindirect in both sexes (PcO.OOl). Higher Ca 
intakes were significantly associated with higher estimates of NAEindirect in men 
(PcO.OOl). A similar non-significant trend was observed in women, however there 
was a drop in Ca intakes observed in quartile 4 when compared to quartile 3. Higher 
K levels were significantly associated with a lower dietary acid load in both elderly 
men (Pc0.05), a similar non-significant trend was observed in women. There was 
very little variability in Mg intakes across quartiles of NAEindirect in either men or 
women. Higher P intakes were significantly associated with a rise in NAEindirect in 
both men and women (PcO.OOl). There was a clear reduction in vitamin C levels 
with increasing NAEindirect for both men and women (PcO.Ol) respectively.
3.5.22 Dietary food group profile according to quartiles of dietary acidity using 
NAEindirect without under-reporters
A comparison of the median values for food groups categorised according to 
quartiles of NAEindirect is shown in Table 3.23. An increase in NAEindirect was 
significantly associated with a reduction in fruit intakes in elderly men (PcO.Ol) and 
women (Pc0.05) respectively. An increase in vegetable consumption was 
significantly associated with a reduction in estimates of NAEindirect- There was a trend 
for vegetable consumption to fall in men with increasing NAEindirect, but this was not 
significant. There was a slight increase in estimates of NAEindirect with higher intakes 
of legumes in women (PcO.OOl), no clear or significant trend for changes in legume
117
consumption in men with increasing NAEindirect was observed. Higher intakes of meat 
were significant associated with higher NAEindirect in both sexes (PcO.OOl) 
respectively. Higher consumption of fish significantly contributed to higher estimates 
of NAEindirect in men (PcO.Ol), a non-significant trend was found in women. Higher 
potato consumption in elderly males and females was significantly associated with 
lower NAEindirect values (PcO.Ol). Higher intakes of bread were associated with 
higher estimates of NAEindirect in both elderly males (PcO.OOl) and females 
(Pc0.05). There was no clear or significant trend for changes in cereal consumption 
with an increase in NAEindirect in men or women. There was a significant association 
between increased consumption of biscuits and cakes and higher estimates of 
NAEindirect in women between quartile 1 and 4 (Pc0.05). Milk and yoghurt intakes 
varied widely with no significant trend according to estimates of NAEindirect in men. 
In women there was a non-significant trend with higher consumption of the 
aforementioned dairy foods yielding lower estimates of NAEindirect- Higher intakes of 
cheese in men were associated with increased NAEindirect values (PcO.OOl), there was 
no clear or significant trend for changes in cheese consumption and estimates of 
NAEindirect in women. Lower egg consumption was significantly associated with a 
reduction in estimates of NAEindirect in men (PcO.OOl). Higher egg intakes were 
found to cause an increase in NAEindirect in women (Pc0.05). Increased consumption 
of desserts was significantly associated with higher estimates of NAEindirect in women 
(PcO.Ol). Higher intakes of preserves and jams were significantly associated with 
increased NAEindirect between quartiles 1 and 2 and 3 (Pc0.05) in men, but there was 
no clear relationship with NAEindirect values in women. Coffee consumption in 
women significantly fell with increasing NAEindirect (PcO.Ol), yet intakes of coffee in 
men remained relatively stable across quartiles of NAEindirect- Lower tea consumption 
was significantly associated with lower NAEindirect in elderly women (PcO.Ol). The 
opposite was seen in men with higher intakes causing an increase in estimates of 
NAEindirect- Consumption of savoury and sauces in women varied widely, with a trend 
towards higher intakes being associated with increased estimates of NEAP; however 
intakes of savoury and sauces remained relatively stable across quartiles of 
NAEindirect in men.
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3.5.23 Estimates of dietary acidity in the UK population using the protein:K
algorithm: age and gender specific
Estimates of dietary acidity in the UK elderly population using protein:K and 
categorized according to gender and different age groups are summarized in Table 
3.24. The mean value for protein:K was 46.9 ± 10.7 mEq/d for the total group. There 
was a steady significant increase between quartiles of protein:K across the age 
groups; however there was a negligible drop of 1.5 mEq/d (between quartiles 3 and 
4). Overall, a significant difference was observed across the age ranges in the total 
group (PcO.Ol). A similar non-significant trend was further found in men, however, 
an increase in age was significantly associated with an increase in estimates of 
protein:K in women (P<0.05). A slight drop was observed in estimates of proteinrK 
in the last quartile when compared with quartile 3 (0.8 mEq/d). The mean value for 
protein:K was 11.2% lower in women when compared with men (PcO.Ol).
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3.5.24 Dietary nutrient profile according to quartiles of dietary acidity using 
the protein:K algorithm
A comparison of the median values for the macro- and micronutrients categorized 
according to quartiles of acidity is illustrated in Table 3.25. An increase in energy 
levels was significantly associated with higher estimates of protein:K in elderly 
women (PcO.OOl). Interestingly, in men there was a non-significant trend between 
lower energy levels and an increase in quartiles of protein: K. Again an increase in 
protein consumption was significantly associated with higher estimates of protein:K 
in both sexes (PcO.OOl). Higher carbohydrate intakes were significantly associated 
with lower quartiles of protein:Kin elderly men and women (PcO.OOl). There was 
very little variability in Mg intakes across quartiles of protein:Kin men, though there 
was a slight increase in estimates of protein: K with increasing fat consumption 
(Pc0.05). There was a significant relationship between increased fat consumption 
and higher estimates of protein:K in women (PcO.OOl). Higher Ca intakes were 
significantly associated with lower estimates of protein:K in women (PcO.OOl), a 
similar non-significant trend was observed in men. Higher K levels were 
significantly associated with a lower dietary acid load in both elderly men and 
women (PcO.OOl). There was a significant relationship between lower intakes of Mg 
and higher estimates of protein:K in both sexes (PcO.OOl). Interestingly, higher P 
intakes were significantly associated with a reduction in protein:K in both men 
(PcO.Ol) and women (Pc0.05). There was a clear increase in vitamin C levels with 
decreasing estimates of protein:Kin both men and women (PcO.OOl) respectively.
3.5.25 Dietary food group profile according to quartiles of dietary acidity using 
the protein:K algorithm
A comparison of the median values for food groups categorized according to 
quartiles of protein:K is shown in Table 3.26. An increase in fruit and vegetable 
intakes in both elderly men and women significantly contributed to a reduction in 
estimates of protein:K (PcO.OOl). There was a slight increase in estimates of 
protein:K with higher intakes of legumes in women (Pc0.05), though there was a 
slight non-significant increase in estimates of protein:K with a reduction in legume
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consumption in men. Higher intakes of meat were significant associated with higher 
protein:K in both sexes (PcO.OOl). Higher consumption of fish significantly 
contributed to higher estimates of protein:K in women (PcO.Ol), there was no clear 
or significant trend for changes in fish intakes and estimates of proteinrK in men. 
Lower potato consumption was significantly associated with higher protein:K values 
in elderly males and females (PcO.Ol, PcO.OOl) respectively. Higher consumption 
of bread was associated with higher estimates of protein:K in both sexes (PcO.OOl). 
Initially in men, there was an increase in estimates of proteinrK with increasing 
cereal consumption; however between quartiles 3 and 4 there was a sudden decline in 
cereal intakes with increasing quartiles of proteinrK (PcO.Ol). A non-significant 
trend was observed in women, with increased consumption of cereals yielding lower 
estimates of proteinrK. Interestingly, higher intakes of milk and yoghurt were 
significantly associated with lower estimates of proteinrK in both men and women 
(PcO.Ol, PcO.OOl) respectively. Higher intakes of cheese in men were associated 
with increased proteinrK values (PcO.OOl), while levels of cheese intakes remained 
relatively stable across quartiles of proteinrK in women. Higher egg consumption 
was significantly associated with an increase in estimates of proteinrK in men 
(PcO.OOl) and women (PcO.Ol). Initially in women, there was a strong significant 
trend towards an increase in estimates of proteinrK with increase consumption of 
desserts (PcO.OOl); however there was a significant decrease in dessert intakes 
(between quartiles 3 and 4) with increasing estimates of proteinrK (PcO.Ol). There 
was a non-significant trend between lower intakes of desserts in men and lower 
estimates of proteinrK. Intakes of preserves and jams remained relatively stable 
across quartiles of proteinrK in men. Higher intakes of preserves and jams were 
significantly associated (albeit marginally) with increases in estimates of proteinrK in 
women (Pc0.05). Coffee consumption in elderly men and women significantly fell 
with increasing quartiles of proteinrK (PcO.OOl). Lower tea consumption was 
associated with lower proteinrK in elderly men; the opposite trend was seen in 
women with lower tea drinking resulting in an increase in estimates of proteinrK. 
Increased consumption of water in both men and women was significantly associated 
with a decrease in estimates of proteinrK (PcO.Ol, PcO.OOl) respectively.
Lower intakes of savoury and sauces in men were significantly associated with 
higher estimates of proteinrK (PcO.Ol). Intakes of savoury and sauces varied widely 
across quartiles of proteinrK.
124
3.5.26 Estimates of dietary acidity in the UK population protein:K without
under-reporters: age and gender specific
Estimates of dietary acidity in the UK elderly population using protein:K and 
categorised according to gender and different age groups are summarised in Table
3.27. The mean value for protein:K was 47.0+10.0 for the total group. There was a 
steady significant increase between quartiles of protein:K across the age groups 
(P<0.01); an increase of 3.1 mEq/d was observed between quartiles 1 and 4. Overall, 
a significant difference was observed across the age ranges with an increase in 
estimates of protein:K in elderly men and women (P<0.05). There was no significant 
difference between both genders and protein:K.
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3.5.27 Estimates of dietary acidity in the UK population using NEAP without 
under-reporters: age and gender specific
Estimates of dietary acidity in the UK elderly population using protein:K and 
categorised according to gender and different age groups are summarised in Table
3.27. The mean value for protein:K was 47.0+10.0 for the total group. There was a 
steady significant increase between quartiles of NEAP across the age groups 
(PcO.Ol); an increase of 3.1 mEq/d was observed between quartiles 1 and 4. Overall, 
a significant difference was observed across the age ranges with an increase in 
estimates of NEAP in elderly men and women (Pc0.05). There was no significant 
difference between both sexes and protein:K.
3.5.28 Dietary nutrient profile according to quartiles of dietary acidity using 
protein:K
A comparison of the median values for the macro- and micronutrients categorised 
according to quartiles of acidity is shown in Table 3.28. An increase in energy levels 
was significantly associated with higher estimates of protein:K in elderly women 
(PcO.OOl). Interestingly, in men there was a non-significant trend between lower 
energy levels and an increase in quartiles of protein:K. Again an increase in protein 
consumption was significantly associated with higher estimates of protein: K in both 
sexes (PcO.OOl). Higher carbohydrate intakes were significantly associated with 
lower quartiles of proteinrK in elderly men and women (PcO.OOl).. There was very 
little variability in Mg intakes across quartiles of protein:K in men, though there was 
a slight increase in estimates of protein:K with increasing fat consumption (Pc0.05). 
There was a significant relationship between increased fat consumption and higher 
estimates of protein:K in women (PcO.OOl). Higher Ca intakes were significantly 
associated with lower estimates of protein:K in women (PcO.OOl), a similar non­
significant trend was observed in men. Higher K levels were significantly associated 
with a lower dietary acid load in both elderly men and women (PcO.OOl). There was 
a significant relationship between lower intakes of Mg and higher estimates of 
protein:Kin both sexes (PcO.OOl). Interestingly, higher P intakes were significantly
128
associated with a reduction in protein:K in both men (PcO.Ol) and women (jP<0.05). 
There was a clear increase in vitamin C levels with decreasing estimates of protein:K 
in both men and women (PcO.OOl) respectively.
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3.5.29 Dietary food group profile according to quartiles of dietary acidity using 
protein:K without under-reporters
A comparison of the median values for food groups categorised according to 
quartiles of protein:K is shown in Table 3.29. An increase in fruit and vegetable 
intakes in both elderly men and women significantly contributed to a reduction in 
estimates of protein:K (PcO.OOl). Intakes of legumes in both men and women 
remained relatively stable across quartiles of protein:K. Higher intakes of meat were 
significant associated with higher protein:K in both sexes (PcO.OOl). Higher 
consumption of fish in both men and women remained relatively stable across 
quartiles of protein:K. Lower potato consumption was significantly associated with 
higher protein:K values in elderly males and females (PcO.Ol) respectively. Higher 
consumption of bread was associated with higher estimates of protein:K in both 
sexes (PcO.Ol). Initially in men, there was a non-significant increase in estimates of 
protein:K with increasing cereal consumption; however between quartiles 3 and 4 
there was a sudden decline in cereal intakes with increasing quartiles of protein:K 
(PcO.Ol). A non-significant trend across quartiles of protein:K was observed in 
women with increased consumption of cereals yielding lower estimates of protein:K. 
Moreover, there was a significant difference between quartiles 1 and 4 for estimates 
of protein:K and cereal consumption in this latter group (Pc0.05). Initially in men, 
there was a significant increase in estimates of protein:K with increasing milk and 
yoghurt intakes; however between quartiles 3 and 4 there was a sudden reduction in 
intakes with increasing quartiles of protein:K (PcO.Ol). A similar observation was 
seen in women (Pc0.05). Higher intakes of cheese in men were associated with 
increased protein:K values (Pc0.05), while levels of cheese intakes remained 
relatively constant across quartiles of protein:K in women. Higher egg consumption 
was significantly associated with an increase in estimates of protein:K in men 
(PcO.Ol), while in women egg intakes remained stable across quartiles of protein:K. 
There was a significant relationship between lower intakes of desserts in both men 
and women and lower estimates of protein:K (Pc0.05, PcO.Ol) respectively. There 
was a slight variability regarding intakes of preserves and jams and quartiles of 
protein:K in both sexes. There was a significant reduction in coffee consumption in 
elderly men and women with increasing quartiles of protein:K (PcO.Ol, Pc0.05).
132
Lower tea consumption was associated with lower protein:K in elderly men; the 
opposite trend was seen in women with lower tea drinking resulting in an increase in 
estimates of protein:K. Increased consumption of water in both men and women was 
significantly associated with a decrease in estimates of protein:K (P<0.05).
Lower intakes of savoury and sauces in women were significantly associated with 
higher estimates of protein:K (P<0.05). Intakes of savoury and sauces varied widely 
across quartiles of protein:K in men.
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3.5.30 Estimates of dietary acidity according to geographical location
Figure 3.1 illustrates the median daily dietary acid loads for the different UK regions. 
NAEindirect was highest in Scotland and Northern England, and lowest for participants living 
in London and South-Eastern England. Median value was significantly different from that 
for London and South-East England (P=0.01).
5crw
—
<z
50.0 -
48.0 -
46.0 -
44.0 L
42.0 -
40.0 -
n 235 n .4 b n 181
Scotland & Central, South West London & South 
Northern East
Region
Figure 3.1 Differences in median for estimated N E A P  (NAEindirect) according to 
geographical location
ANOVA and Tukey post hoc tests were used for analyses.
* Median value was significantly different from that for London and the South-East 
(P=0-01).
3.5.31 Correlation between estimates of NEAP using PRAL+OA and protein:K 
ratio
Figure 3.2 shows the correlation between the two estimates of NEAP (using NAEindirect and 
protein:K algorithms). There is a significant association between the two algorithms 
which explained 54% of the variance (r=0.72, PcO.OOl). However, at higher values 
of estimated NEAP the relationship is more variable. Thus within the top quartile of
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estimated NEAP, variations in NAEindirect explains only 18% of the variation in 
protein:K algorithm, compared with 38% in the bottom quartile.
The main reason for the deviation between the two estimates of NEAP is the (OA) 
component, which closely reflects the fact that organic acid anion excretion is not 
primarily diet-dependent. Based on the NAEindirect model, the contribution of OA is 
mainly determined by body size (Rylander et al., 2006).
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Figure 3.2 Spearman’s correlation of association using NAEindirect and protein:K 
algorithm as estimatedNEAP (proteinrK).
3.6 Discussion
The principle objective of the current study was to investigate the dietary acid burden 
in the UK elderly population from food intakes as measured by a 4-day food diary, 
and reported as the NDNS of British adults aged 65 years and over. A second 
objective was to compare and characterise P R A L  (using P R A L originai and 
P R A L sh o r ten ed ) and estimated NEAP using various algorithms (N A E in d ir e c t  and 
protein:K) as calculated by specific nutrients and food groups likely to influence 
dietary acid loading. A  subsidiary aim to determine whether geographical location 
influences estimates of NEAP. To the best of my knowledge, this study was the first 
to examine the association between diet composition and P R A L  and estimated N E A P  
in a representative national group of the elderly British population. Furthermore, for 
the first time we demonstrate regional differences in estimated NEAP i.e. higher 
values in Northern regions compared with Southern locations in the UK. P R A L  and 
estimated N E A P  were also lower in women compared to men, and those eating more 
fruit and potatoes and less meat, fish, eggs cheese and bread.
3.6.1 Food intake and estimation of daily net acid production
When whole foods are consumed, some of the potential net acid and net base 
producing constituents of the diet is eliminated in the stools. Because of the laborious 
efforts associated with prolonged faecal collection and analysis, researchers have 
developed computational models for estimating RNAE from dietary composition 
data. Several algorithms for estimating the daily net acid production have been 
validated from the chemical analyses of diets consumed by volunteers participating in 
research programs. The first algorithm to be discussed is PRALoriginai, which 
measures the potential renal acid load of a variety of foods or whole diets and can be 
estimated when the nutrient data for protein, P, Cl, Mg, Ca, Na is known (Remer & 
Manz, 1994; Remer & Manz, 1995). Moreover, a newer model of PRAL 
(PRALshortened) has been formulated by Remer et al, (2003) which relies on four 
nutrients (protein, P, Mg and K), Cl and Na are excluded from this newer version of
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PRAL because of their equimolar content in dietary salt and because urinary 
excretion of Cl and Na concentrations (24-hr urine samples) are similar. 
Furthermore, Ca was included for the analysis of this research project as the removal 
of this nutrient resulted in considerable lower estimates of PRAL (using both 
PRALoriginai and PRALshortened). PRAL calculation model is a physiological derived 
method used to estimate the acid-base ratio of single products and whole diets. 
NAEindirect (PRAL +0A) gives a more accurate estimation of the acid load generated 
in the body compared to estimated NEAP as measured by the protein: K algorithm. 
As the later model takes into account the mineral and protein (metabolizable SO4 
content) composition of foods or diets, and the average intestinal absorption rates of 
the respective nutrients.
Both the original P R A L  calculation model (P R A L originai) and the most recent 
computational model PRALshortened were initially used to estimate the dietary acid 
load categorized by gender and age groups as presented in Tables 3.4 and 3.9 for the 
former and Tables 3.12 and 3.14 for the latter equation.
The mean (±SD) for PRALoriginai in this current study was 4.6 ± 8.9 mEq/d and 5.4 ± 
9.7 mEq/d for P R A L . These values are marginally higher than in another UK study 
conducted by New and colleagues in a population group of in 1056 premenopausal or 
perimenopausal women aged 45-54 years which yielded mean P R A L  values of 3.7 ± 
10.5 mEq/d (New et al., 2004). However, the results from this present research are 
somewhat higher than results from the EPIC-Norfolk cohort study of mean P R A L  
values of -4.8 mEq/d in men and -7.6 mEq/d in women (Welch et a l, 2007). As 
there was no significant differences between both estimates of PRAL (P R A L originai 
versus PRALshortened) only the trimmed database without the under-reporters (>1.2) 
are discussed below. As was expected (see Table 3.10 and 3.16) higher amounts of 
the acid-generating nutrients i.e. protein, P and Cl resulted in higher estimates of 
P R A L  (using both P R A L  models) and thus significantly contributed to a greater net 
dietary acid production (PcO.Ol to PcO.OOl). Conversely, higher intakes of the base- 
generating minerals namely, K and Mg yielded lower estimates of P R A L  and thus 
resulted in a greater net dietary alkali production (Pc0.05 to PcO.OOl). Despite the 
fact that both Ca and Na are mineral cations, and in theory, contribute alkali to the 
acid-base pool, this was only the case for quartiles 1 and 2 for each of the nutrients. 
The reason for this is not quite clear, and elucidating the possible reasons for such an 
effect is further complicated by the food consumption patterns when estimating
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PRAL. Most noteworthy, as far as the single nutrients are concerned is the clear 
inverse relationship between estimates of PRAL and vitamin C in men and women 
(PcO.OOl).
It could be said that including the acid and base generating nutrients that are an 
integral part of the PRAL model is answering a research question that is obvious; 
however on the contrary, the data provides us with the necessary amount of a 
particular nutrient to estimate an individual’s level in terms of dietary acid load 
ranking. Regarding the difference between PRALoriginai and PRALshortened, in terms of 
justifying Remer’s decision to update the calculation model. This is indeed justifiable 
in the present case, since the difference between estimates of PRAL in both models 
was 2.1 ± 0.5 mEq.
3 .6 .2  C o m m o n  fo o d  g r o u p s  c o n t r i b u t in g  to  e x c e s s  d i e t a r y  a c id i ty
The food groups contributing mainly to the dietary acid load, as estimated using both 
PRAL algorithms, are meat, fish, eggs, milk and milk products, breads and cereals 
(P<0.05 to PcO.OOl). Conversely, the food groups consisting of greater intakes of 
fruit and vegetables, potatoes, and the beverages water, tea and coffee resulted in 
lower estimates of PRAL (Pc0.05 to PcO.OOl). Similar findings were observed by 
Welch and colleagues in a cohort study of 14563 men and women aged between 42- 
82 years living in Norfolk (Welch et al., 2007).
To obtain a more precise measurement of the effects of food and nutrient 
composition on dietary acid load, the daily net acid excretion (NAE) can be 
measured. This calculation model (NAEindirect) is primarily based on PRAL, however 
the NAEindirect model takes into consideration organic acid (OA) production which is 
measured using anthropometric data, and provides an estimation of the body’s total 
acid load. However, one potential weakness of the algorithm NAEindirect is the 
assumption that (OA) production is a fixed function of body size (EOA = 41*BSA). 
In fact, OA is difficult to measure completely and multiple methods for estimating 
OA excretion have been used (Kleinman, 1987). Furthermore, increasing dietary 
alkali load (e.g. by increasing the intake of fruits and vegetables) has been reported 
to increase OA production to a greater extent than acid excretion (Hood & Tannen,
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1998). However, the prediction equation has been demonstrated in children and 16- 
18 y old adolescents, and in healthy adults consuming diets containing variable 
amounts of protein, where measured OA excretion rates were very similar to the 
predicted value (Remer & Manz, 1994; Remer et al., 2003). It is generally accepted 
that the influence of dietary acidity or alkalinity on NAEindirect is, in principle, 
additive or subtractive to the amounts of acid equivalents derived from the (body 
size-dependent) metabolic system. Correspondingly, it appears predictable that both 
NAEindirect estimates (the sum estimate and the ratio estimate) deviate more 
noticeably from each other when changes in dietary acid load increase overall 
NAEindirect- In this context it should be kept in mind that with diets typical of the UK, 
and other industrialized countries, despite a low variance in analyzed OA excretion. 
That is to say, regardless of a relatively constant and high OA component (varying 
around 40 mEq/d on average), both analyzed and estimated NAE can vary 
considerably, only due to a change in the diet (Remer & Manz, 1994). However, 
whatever estimate is used, true NAEindirect can only be determined in a metabolic setting 
where urinary losses of OA and faecal losses of organic anions are measured (Lennon et al, 
1966).
3.6.3 Estimates of dietary acid loading in different regions and countries using 
current calculation models
The assumption inherent in the present calculation models is that urinary acid 
excretion balances the dietary and endogenous acid load, so that the organism is in 
neutral acid base balance. However, at high dietary acid loads this may not be the 
case, since previous studies have shown that with values greater than an average acid 
intake of approximately 1 mEq/kg body weight, net acid production is greater than 
net acid excretion, leading to positive acid balance (Kurtz et a l, 1983). Average 
calculated values for NAEindirect in the present studies were below this value, although 
a positive acid balance may have occurred in subjects at the upper end of the overall range of 
NAEindirect values.
The mean (+SD) for NAEindirect in the current study (see Table 3.21) was 47.8 (10.7) 
mEq/d and is slightly lower than in a recent study of measured urinary acid excretion
143
in a population of 400 elderly subjects (aged 55-75y) with a mean of 60.0 ± 27.0 
mEq/d, (Rylander et a l, 2006), a value similar to previous reported measurements 
(Remer & Manz, 1994). Since this was a more northerly (Swedish) population of 
elderly, it may be that the higher acidity reflected the same differences in dietary 
patterns which account for our finding of the higher acid diets for Scotland and Northern 
England compared with London and Southern-Eastern England (P=0.01). A  similar finding 
was observed by Frassetto and colleagues, where they showed that Sweden had the lowest 
intake of vegetable to animal protein (Frassetto et al, 2000). It is the case that a lower intake 
of fruit and vegetables and a higher consumption of beef and veal (and dishes made from 
these meats) for Scotland and Northern England compared with the South of England has 
been reported (Gannon et al., 2008). Moreover, participants in London and the South 
East were more likely to consume leafy green vegetables, semi-skimmed milk and 
coffee than in Scotland and Northern England (Finch, 1998). However, the values here 
are also somewhat lower than those reported for Cambridge teenagers by Prynne and 
colleagues (67.8 mEq/d for boys vs 53.8 mEq/d for girls), although different dietary 
patterns are likely between teenagers and the elderly (Prynne et a l, 2004). 
Interestingly, Lemann has estimated that the average diet consumed by American 
healthy adults generates approximately 50 mEq/d, a value very similar to our 
findings (Lemann, 1999). Another plausible reason for the lower values is that the 
basic mineral Ca has not been excluded from the NAEindirect equation (see 
PRALoriginai) (Remer et a l, 2003). Removing Ca from the formula would result in a 
somewhat higher NAEindirect mean value (59.2 ± 9.8) mEq/d) in this population 
group. Whatever calculation model is used, the net acid balance is generally positive 
in normal individuals on typical net acid-producing western diets. That is to say that 
the average adult subject consuming their habitual diet, produces more net 
endogenous acid than what is excreted via the kidneys, irrespective of age and renal 
or pulmonary function (Frassetto et a l, 2006).
The relationships between NAEindirect and macro- and micronutrients were to some 
extent but not entirely expected demonstrating the importance of examining how 
these nutrients impact on dietary acid loading. Thus increasing NAEindirect was 
associated with increasing protein and P (PcO.OOl) in elderly men and women, but 
somewhat surprisingly not with a significant fall in K in women, Mg or Ca, the latter 
actually significantly increasing in men. The rise in NAEindirect with increasing energy
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intakes is also likely to reflect the positive correlations between energy intakes and 
the other constituents listed in Table 3.22. Also, the organic acids component of the 
algorithm, which is a major contributor to overall acidity, is predicted from body size 
and in this data set varies positively with energy intake, albeit to a much lesser extent 
than protein or P. Of most interest as far as the single nutrients are concerned is the 
clear inverse relationship between NAEindirect and vitamin C in both men and women 
(PcO.Ol). This has obvious implications in relation to food groups and NAEindirect 
relationships as discussed below. For food groups their expected relationships 
between increasing acidity was clear for intakes of the major dietary protein sources 
in terms of meat, fish, and eggs in both men and women. Conversely, higher intakes 
of potatoes had a significantly positive impact on dietary alkalinity in both genders 
(PcO.Ol) as potatoes were one of the largest individual consumed food item, not 
forgetting that potatoes have a rich K content. The importance of the association of 
fruit, which have a clear association with K, with lower dietary acidity is emphasised 
here, as previously reported by others (Blatherwick, 1914; Remer & Manz, 1995; 
Buclin et a l, 2001; Prynne et a l, 2004). The combination of fruit and potatoes as 
alkalising components of the diet no doubt explains the clear relationship between 
vitamin C and a lower dietary acidity. However, vegetables intakes were independent 
of acidity, this may be due to the food groupings as once the protein rich vegetables 
(lentils, dried beans and pulses) were removed from the analysis the difference was 
almost significant (P=0.06). Legumes are an important source of P with a high P:Ca 
ratio so that when this is taken into account their overall contribution to dietary 
acidity would be expected to become more neutral. Food combining is also a very 
important aspect of acid-base balance as vegetables including potatoes (which are 
alkali generating) tend to be eaten with meat, fish and eggs which increase dietary 
acidity. This is particularly the case of the eating patterns of the elderly population.
In the second method protein:K algorithm was estimated by a much simpler formula 
based on only the dietary protein to K ratio (Frassetto et a l 1998). This method was 
derived empirically from a correlation of average measured urinary acid excretion at 
steady state in healthy individuals on one of 20 diets. While this method is only 
based on one nutrient from either side of the acid-base balance, the algorithm 
predicted 71% of the variation in measured estimated NEAP (in 141 normal subjects 
eating 20 different diets) (Frassetto et a l 1998). The advantage of this algorithm is
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that the nutrient values for protein and K content of foods are often easily obtainable, 
making the method relatively simple to use.
Similar NEAP estimates were observed, with higher intakes of fruit and vegetables, 
potatoes and milk (including milk products) and the beverages water and coffee 
resulting in lower estimates of NEAP (using the protein: K algorithm) (PcO.05 to 
PcO.OOl). Conversely, the food groups contributing mainly to the dietary acid load 
are meat, fish, eggs, breads and cereals (P<0.05 to PcO.OOl). It is not clear why milk 
(including milk products) favourably impact on lower dietary acid load with the 
protein:K model, because most of the predictive power of this formula lies in the 
protein and K contents of the diet. Maybe the figurative part of the formula ([54.5 x 
protein (g/d)/K (mEq/d)] -  10.2) provides sufficient sensitivity to pick up the high Ca 
content of the diary products. Interestingly, Chan and colleagues (2008) found a 
similar, but non significant observation in a recent study looking at the effects of 
estimates of NEAP and bone health-related nutrients in Hong Kong adolescents 
(Chan et al, 2008).
In the context of diet and bone health, median Ca intakes were slightly above the UK 
RNI of 700mg/d but the wide variation meant that considerable numbers had intakes 
below this. However, attempting to interpret the inter-relationships between intakes 
of Ca, phosphate, milk/yoghurt and cheese and acidity is complicated by the gender 
differences in the results. Such inter-relationships are no doubt influenced by food 
patterns in terms of the association between food types. However, a more detailed 
analysis of the individual food items milk, yoghurt and dairy desserts did not account 
for the gender differences as described above. Thus for women dietary acidity 
appears independent of intakes of Ca, milk, yoghurt and cheese. This is in contrast to 
the report for UK teenage girls and boys (Prynne et al., 2004). For men however, 
while milk intakes were not associated with acidity, increasing Ca and cheese intakes 
were. Interestingly, higher intakes of bread, biscuits, and cakes were significantly 
associated with increases in dietary acidity in women, whereas for men this was only 
the case for bread.
146
3.6.4 Comparison of NEAP algorithms
The two algorithms for estimates of NEAP (NAEindirect and protein:K) were highly 
correlated, as observed by Prynne and colleagues (Prynne et al, 2004). However, when 
compared in the same participants they resulted in very slight but significantly 
different (0.8 mEq/d) average values for all subjects. This confirms that protein/K 
ratio, based on just protein and K, does accurately demonstrate that in this dataset, 
men’s diets are more acidic than women’s diets through a relatively higher 
consumption of protein compared with K-containing foods.
There is increasing evidence to support the negative effects of imbalances in acid- 
base homeostasis and bone loss, skeletal muscle atrophy, and nephrolithiasis in the 
ageing population (Frassetto et a l, 1997; Frassetto et a l, 2007). Interestingly, 
Wachman and Bernstein hypothesised 40 years ago that consuming a typical 
western diet may result in the lifelong utilisation of the buffer salts found in bone, 
thus leading to bone fragility and osteoporosis (Wachman & Bernstein, 1968). 
Furthermore, Frassetto and colleagues (Frassetto et al, 1996) have shown that 
plasma bicarbonate concentration and glomerular filtration rate with increasing age 
causes these parameters to fall, whereas blood hydrogen ion concentrations increases 
with age. This in turn leads to an increasingly worsening low-grade metabolic 
acidosis and is reflective of increases in dietary acidity. If the acid-base/skeleton 
theory is to be believed (Bushinsky, 2001; Arnett, 2003) the finding of this study has 
important implications regarding advocating dietary acid-base advice in the ageing 
population, particularly in elderly women (as they are more prone to bone fragility). 
This could include programmes to increase fruit and vegetable consumption in those 
participants with the highest estimates of NEAP, because the NDNS of British adults 
aged 65 years and over has shown that levels of both these foods are only consumed 
in modest amounts (3 portions/d). Prudence needs to be exercised in participants with 
low estimates of NEAP as such diets are generally lacking in protein such as meats, 
fish and milk, and this may be a concern for bone maintenance in age group.
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3.6.5 Limitations of the calculation methods used
One potential problem in interpreting the original data set is under-reporting. This is 
a major problem with the use of self-reporting dietary diaries, where under-reporting 
of true habitual food intake, as well as changing the diet during the survey, is a 
frequent problem (28). Thus initial energy intakes (including all participants who 
completed a 4 day diary) were on average 1.24 ± 0.32 x estimated BMR (1883 ± 
468kcal for men and 1460 ± 364kcal for women respectively). This implies extensive 
under-reporting, and in fact 24% of the overall sample size had energy intakes 
clxBMR (19% for men, 28% for women). Here we selected subjects on the basis of 
an EI:BMR ratio > 1.2, resulting in mean energy intakes for the sub-sample of 1.47 ±
0.23 x estimated BMR (2141 ± 374kcal for men and 1746 ± 272kcal for women 
respectively) (Goldberg, 1991; Black et a l, 1993). In fact there was very little 
difference between NAEindirect for the complete sample compared with the trimmed 
sub-sample (47.1 ± 10.4) vs 47.8 (10.7) mEq/d). The fact remains that that there is no 
alternative source of good quality, user-friendly databases such as the NDNS 
providing information on food and nutrient consumption in British population 
groups.
A further limitation of this study is the lack of information within the database on 
disease states which are likely to be influenced by acid base balance such as bone 
health. Without such data, the degree to which higher net dietary acid intake is a 
significant factor in health problems in older population groups will remain poorly 
understood. Future studies should address this question. It would also be interesting 
to look at the effects of both food preparation and wholegrain versus refined grains 
on estimated NEAP, and is certainly an area of future research. Future work to 
confirm the prediction value for OA from surface area in population groups is needed 
where shape, overall size, and body composition are changing with the age related 
changes in the current population.
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3.7 Conclusion
In summary, these analyses provide an insight into the acid generating potential of 
the diet of the UK elderly population, showing the diet to be rich in dietary acid 
precursors, higher in men than women, increasing with age and higher in a more 
Northerly location. Such trends are also likely to be found in other industrialized 
countries with similar diets. An occidental diet may have important consequences in 
this vulnerable group with respect to bone diseases such as osteoporosis.
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Chapter 4 
Intervention study to examine the 
effects of high acidity/high 
alkalinity weight-reducing diets 
on markers of bone turnover
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4 Introduction
The Western diet has become over reliant on processed energy foods, which has 
caused a reduction in the consumption of fruit and vegetables. The health-related 
benefits of a high consumption of ‘fruit & vegetables’ on a variety of diseases 
outcomes is of increasing interest (Ness et a l, 1997; Joshipura et a l, 1999, WCRF & 
AICR (1997); Appel et al., 1997). Moreover, there is strong evidence for a positive 
effect of fruit and vegetable consumption on the skeleton from observational (Eaton- 
Evans et al, 1993; Michaelsson et al, 1995; New et al., 1997; Tucker et al., 1999; New 
et al', 2000; Jones et al., 2002; Macdonald et al, 2004; Tylvasky et al,. 2004; 
McGartland et al., 2004; Prynne et al., 2006) longitudinal and intervention studies 
(Lin et al., 2003) in population groups across the lifecycle.
Fruit and vegetables are a rich source of numerous nutrients, phyto-chemicals and 
other components which are thought to have an important role in acid-buffering 
capacity. The exact mechanisms of action are still unclear. However, one theory is that 
fruits and vegetables contain large amounts of base-producing organic acid salts, 
namely the cations (K, Ca, and Mg), and bicarbonate. Studies have demonstrated that 
the intake of these substances lead to a reduction in urinary alkalinity and NAE 
(Remer et al., 2003). Moreover, the over consumption of “high protein diets” lead to 
the production of OA during metabolism and together with the hepatic oxidation of 
sulfur containing amino acids (cysteine and methionine), cause a lowering in blood pH 
through increased production of hydrogen ions (Buclin et al., 2001; Remer, 2000). 
Therefore, fruit and vegetables act as a buffer for OA, the latter having the potential to 
raise pH. If sufficient levels of buffering capacity are not available from dietary 
sources, mild metabolic acidosis develops, even in healthy persons (Kurtz et al., 1983; 
Buclin et al., 2001). The current recommendations for fruit and vegetable intake to 
help reduce the risk of chronic diseases such as heart disease, stroke and cancer is five 
portions/d (total of 400g/d); currently men and women are consuming 2.7 portions/d 
and 2.9 portions respectively (DH, 2002). If one looks at the current consumption of 
fruit and vegetables in the UK, it is easy to see that dietary sources of alkalizing agents 
are inadequate to buffer the current dietary acid loading (> 50 mEq/d).
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In the bone health field, there is evidence that bone plays an important role in acid- 
base balance. The skeleton acts as a predominant source of buffer in the body, and this 
has lead to the suggested observation that bone is the likely hydrogen ion buffer 
system (Lemann et a l, 1966; Barzel, 1995).
The DASH trial was the first study to indicate a link between dietary alkali load and 
bone health. The DASH diet emphasized fruits and vegetables, low fat dairy products, 
included whole grains, poultry, fish and nuts. The diet was also designed to provide 
reduced levels of saturated fats, red meats, sweets and sugar containing beverages. The 
trial showed a significant reduction in bone turnover markers (OC (8-11%) and CTx 
(16-18%), P  < 0.001) at all three Na levels (1,150 mg/d, 2,300mg/d, 3,450mg/d), 
although there was no difference in Na excretion between the DASH-SODIUM and 
the control diet groups at each level of salt intake (Lin et a l, 2003). In contrast, the 
control diet in the DASH trial characterised a typical Westernized diet, which was 
higher in fat and low in dairy, fruit and vegetable products. An important observation 
that increasing fruit and vegetable intake from 3.6 to 9.5 daily servings decreased 
urinary Ca excretion from 157 to 110 mg/d. Dietary intake is also known to influence 
acid-base balance in humans under highly controlled research conditions, but 
characterisation of the net effects of food groups on acid/alkali loading in population 
groups remains unclear (Gannon et a l,  2008). Furthermore, the effect of weight- 
reducing diets on bone turnover markers that are very low in fruit and vegetable 
intakes, along with being predominantly low in carbohydrates and high in protein (e.g. 
the Atkins diet) also remains undefined.
Low-carbohydrate diets have become popular as weight loss techniques. One of the 
most popular current diets used for weight reduction by people of normal body weight, 
overweight and obese people is the Atkins' diet. The Atkins New Diet Revolution was 
the best selling diet book in history (Lenzer, 2003) and has sold in excess of 45 million 
copies over 40 years (Astrup et a l, 2004). During the initial two weeks of the diet, the 
carbohydrate intake is reduced to 20 g/d or less with some liberalization of 
carbohydrate intake afterwards. There is no restriction to protein or fat consumption 
throughout the regime. The metabolic effects of a low-carbohydrate/high-protein diets 
leads to ketoacidosis, and there is evidence to suggest that, this in turn, results in
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hypercalciuria. This arises because of the renal response that consists of a net acid 
secretion to compensate for the excess dietary acid loading. In turn, the skeleton 
supplies serum buffer (e.g. Ca, Mg, K, Na) by actively orchestrating bone resorption, 
thereby leading to hypercalciuria. Over time, this can have a deleterious effect on bone 
health (Barzel & Massey, 1998).
The principal aim of this study was to investigate the effect of 6 months of a high fruit 
and vegetable diet (F&V) versus, a low carbohydrate diet (LCD) diet and a weight 
maintenance (WM) control group by estimates of NEAP and assessment of bone 
turnover m arkers.
4.1 Methodology
Detailed methodology for this study can be found in Chapter 2. In brief, healthy male 
volunteers aged 21-65 years with a BMI of 27-40 kg/m were recruited to follow either 
a modified Atkins style weight loss diet (LCD), a F&V weight loss programme and a 
typical WM control group.
4.1.1 Measurements and inclusion/exclusion criteria
Fasting blood and urine samples and anthropometric measurements were taken at 
baseline, 2 and 6 months as shown in Table 4.1 and as detailed in section 2.4.4.
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Table 4.1 Fasting blood and urine samples and anthropometric measurements 
taken at the different time-points.
Measurement Time (months)
Baseline 2 6
Body weight V V V
Waist circumference V V V
Diet History V V V
Blood pressure V V V
Fasting blood samples (P1NP, BSAP) V V V
Fasting urine samples (CTx, N T x ) V V V
4.2 Statistical Analysis
Descriptive statistics were used to describe the study population. All data was assessed 
for normality of distribution using the Kohnogorov-Smirnov (KS) test. Variables that 
were normally distributed were analyzed using ANOVA with the post-hoc test Tukey. 
Variables that were not normally distributed were analyzed using the Kruskal-Wallis 
non-parametric test.
the Kruskal-Wallis test was used to determine differences between quartiles of 
estimated N E A P . The Mann-Whitney U  test was then used to identify which specific 
quartiles were different from one another due to the lack of a non-parametric post hoc 
test for SPSS. Paired-samples t-tests were used for the analyses to compare the means 
of the variables between baseline and 2 months, 2 months and 6 months and baseline 
and 6 months. A  Wilcoxon Signed Ranks Test was used for data that was non- 
normally distributed. A  Bonferroni correction was applied to take into account 
multiple testing. A N C O V A  was also conducted with baseline adjustments for age and 
baseline (weight, blood pressure, P R A L Shortened and carbohydrate intake).
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4.2.1 The analysis was divided into two phases
Phase 1: Intention to Treat (ITT) - including all subjects irrespective of the extent of 
weight loss and where bone turnover markers were the key clinical outcome markers.
Phase 2: Analysis Per Protocol - taking out those subjects who did not comply.
This was assessed by looking at those individuals in the F&V and LCD groups who 
lost more than 3% weight loss as a percentage of body weight. The WM group who 
lost < 3 kg (% body weight) were deemed to have complied with the study protocol.
4.3 Results: Phase 1 analyses -  Intention to treat [ITT]
4.3.1 Subjects
Recruitment for the LCD group began in January 2004 and the first subjects 
commenced the study in March 2004. Advertising, recruitment and data collection 
were continuous after this point until the final subject of the WM group completed the 
six month study in April 2007. Sixty-nine subjects were recruited into the study, 85% 
of the planned sample size of 81. The subject numbers throughout the study can be 
seen in Figure 4.1.
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Subjects were interviewed and those 
who met the inclusion/exclusion 
criteria were eligible to commenced 
the study (n 76)
Withdrew before 
Baseline measurements 
taken (n 7)
Completed consent forms Withdrew at baseline
received (n 69). ----- ► (n 1).
Subjects were assigned to 3 different groups 
Baseline measurements were taken
LCD
Baseline (n 27)
I
2 months (n 23)
I
6 months (n 21)
F&V
Baseline (n 27)
I
2 months (n 23)
I
6 months (n 21)
W M  
Baseline (wl4)
I
2 months in 13)
J
6 months (n 13)
Figure 4.1 Flow chart of study protocol
4.3.2 A ttrition
Twenty-two percent (n 6) of the 27 subjects in the LCD group who started the study 
withdrew before 6 months with the most common reason given of not being able to 
attend visits (n 2), even though appointment scheduling was very flexible. One 
volunteer was unable to continue due to medical reasons unrelated to the diet, the 
other volunteer had a very erratic diet, and therefore their data was excluded from the
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analysis. Comparable attrition rates have been seen elsewhere with a 20% and 21% 
attrition rate respectively in subjects following a very low carbohydrate diet for 6 
months (Westman et a l, 2002: Brehm et a l, 2003). Furthermore, comparatively 
higher attrition rates (28%) were observed by Truby and colleagues (2006) in a 
randomized controlled trial comparing the effectiveness of four commercial weight 
loss diets in UK adults (Truby et al., 2006).
Although it was planned to recruit a minimum of 21 subjects for the WM group, this 
proved to be very difficult as respondents to the advertisement wanted to improve 
there health by changing their diet while participating on the study. Therefore, due to 
time restraints we had to use 14 volunteers for the purposes of this study. Of the 14 
subjects, one volunteer was unable to continue due to difficulties attending 
appointments.
4.3.3 Baseline anthropometric results
All subjects were Caucasian males living within one hour commuting distance of 
Guildford. Although socio-economic status (SES) was not specifically measured, 98% 
were in full time employment. Table 4.2 presents the baseline anthropometric data for 
the LCD, F&V and the WM group. The eldest group of men were found in F&V 
group, with a mean age of 52 years (ranging from 31-65 years), men in the LCD group 
had a mean age of 46 (ranging from 27-61 years) and the WM group had a mean age 
of 42 (ranging from 25-65 years). There was a significant difference in age between all 
three groups (P=0.005).The LCD group had the highest commencing mean weight of
102.1 kg (86.9-141.2 kg), the F&V group had a mean weight of 100.8 kg (79.4-126.3 
kg) and the WM group had the lowest mean weight at baseline of 91.5 kg (74.8-116.0 
kg). A significant different between the LCD and WM groups was observed (P<0.05). 
The mean height (1.78 m) was similar in each group with a range between 1.67-1.94 
m. The mean [SD] baseline BMI for the LCD and the F&V groups was slightly over 
the cut-off value for obese individuals of (31.4 [3.1] kg/m2) and a range 27-39 kg/m2 
and 31.9 [3.7] kg/m2 (27-38.5 kg/m2) respectively. The mean BMI for the WM group
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was slightly lower at 29.6 kg/m2, with individual BMI values ranging from 27-38.8 
kg/m2. All individuals were either classified as overweight (BMI of 25-29.9 kg/m2) or 
obese (BMI of > 30 kg/m2). The mean [SD] systolic blood pressure for the total group 
was 133.0 [16.0] mm/Hg with a range of 104-194 mm/Hg. The mean diastolic blood 
pressure was 84.0 [10.3] mm/Hg, with a range between 66.0-113.0 mm/Hg. The LCD 
group had the highest systolic and diastolic blood pressure of 138/88 mm/Hg. The 
mean systolic and diastolic blood pressure for the F&V group was 132/84. The WM 
group had the lowest mean blood pressure values of 124/76 mm/Hg. A significant 
mean difference between the groups for systolic blood pressure was shown for the 
LCD and the WM groups (P<0.01). There was also a significant difference between 
the LCD and the WM groups (P<0.001) and the F&V and WM groups (P<0.01) for 
diastolic blood pressure. The mean blood pressure for the total group was below the 
cut-off value of >140/90 mmHg, which is considered a risk factor for hypertension 
and CHD. However, it is clear from the data that there are subjects with values above 
the recommended guidelines. The mean EI:BMR for the total group was 1.22 [.028], 
which is below the Goldberg cut-off value of 1.35 (Goldberg, 1991; Black et al., 
1993).
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4.3.4 Baseline macro and micronutrient intakes for the LCD, F&V and WM 
groups
The baseline macro- and micronutrient characteristics of the groups are presented in 
Table 4.3 Mean [SD] daily intake for energy for the total group was 2395 [570] kcal. 
The F&V group had the lowest energy intakes 2258 [442] kcal which is below the EAR 
the mean [SD] of 2405 [721] kcal for the LCD group fell within the EAR. The WM 
group had the highest energy intakes of 2656 [538] kcal and with a range of 1725-3675 
kcal. The EAR for energy in adult males for the purposes of this study is between 2,330- 
2,550 kcal.
Consumption of fat was highest in the LCD group with mean [SD] intakes of 105.2
[34.7] g, closely followed by the WM group with mean [SD] intakes of 101.7 [24.6] g. 
The F&V group had the lowest fat mean [SD] intakes of 85.5 [21.9] g.
Daily mean intakes for protein exceeded the reference nutrient intake (RNI) of 53.3-55.5 
g/d as the mean [SD] daily intakes for the total group was 99.7 [27.1] g with a range of 
59.1- 216.2 g. The LCD and the WM groups had the highest mean [SD] intake of 108.2
[36.7] g and 102.5 [26.0] g respectively (Department-of-Health, 1991). The F&V had 
the lowest consumption of protein 93.0 [18.8] g. Carbohydrate intakes were significantly 
different between the three groups (P=0.035), there was also a significant difference 
observed between the LCD and WM groups (P<0.05). The daily intake for carbohydrate 
was highest in the WM group 313,3 g, the carbohydrate intake in the F&V group was
258.4 g and the LCD group had the lowest average consumption of 238.9 g.
The micronutrients Ca, P and vitamin C were higher than the RNI in all groups 
(Department-of-Health, 1991). Even though there is no RNI for vitamin D, mean daily 
intakes across the groups were below what experts committees recommend. K intakes 
were below the RNI for the F&V group however, both the LCD and WM groups had 
higher mean intakes than the RNI. Mean daily intakes for Mg were above the RNI for all
160
groups. Mean daily intakes for both Na and Cl were well above the RNI, while mean 
daily intakes of both Zn and Cu were also above the RNI (Department-of-Health, 1991).
161
Ta
bl
e 
4.3
 
Ba
se
lin
e 
m
ac
ro
-a
nd
 
m
ic
ro
nu
tr
ie
nt
 i
nt
ak
es
 
for
 
the
 
LC
D
, 
F&
V 
an
d 
WM
 
gr
ou
ps
a>
* • !>
&
O
B d• PP
en ^  
* 0 )
VO
cn
>
VO
bd•Pp
G
C/2
P3
O'
Bd
• pP
'd<u
QCZ5
Bda>
s
»H<U-thu
dt-
d
-B
V
VO
"t
' t' tcn
vo
t-H
CO
VOvoCN
CN
00
VO
' tav
"t
00"tOv
vo
oo
r-
Ov
' t
ON
ocne-cn
cno
cn
CNOcn
CN
00oo
oCNt-H
t-H
vo
O
mt—H
't
mcn
O
oVOo
Ov0000
o o o o o o
' t^H
00 28
.3
51
.4
14
4.
8
96
.3
5.
2
Ov
VO
CN
00
cn
in
VOm
VO
CN
h^ CN
in  vd
OV OV
VD
' tCN
VO
CN ' t  OV
in  
cn cnO t-hi”H cn
t> m  
in id "t CN
00 ' t  
in  O
CN 00
OV
a  £CN 00
C" m
OV 
00
00
00
in
in
'itCN
VO
' i t
cn oo ov in  
CN
" s t
CN
£3 mov ov eN t>
oo
CN
o  m oo m 
' i t  CN
o  o
OV r^ - 
cn £  
' t  £3CN T_1
in  
0 0  
T—"1
cnOv
CN
' tVO
CN
' to
t- H
o
0 0
' t
o o o o o
0 0
T rH
0 0Ov VO OV o
CN
CN ' tt - H r- ' t o
in  in
'it oo cn cn cn t-h
cn §  
^  o
00
e'­en
VO 't m H^ov cn 00 00Ov m Ov VO
CN H- cn t-H
m cn ^  2c 'n
2  i ov o  (N'O cn co vo ov
C"cncn
cn cn 
vd cn
00
'It
o v  cn  
© cn
^  'it
OV cn
VO r- m OvCN VD o c-cn ' t ' t
' to
00
o
' t
'it
' i t
in  . vo cn cn
«? 8cn ov
o  ^  • in  cn cN
cn rr 
^  00
CN ^  
CN CN OV 00
incn
oo
cn j> 
vo
oo ov
' t  CD cn cn
o' tVO
0 0 V O oOV 0 0 C N C N
0 0 cn ' t i n
C N 'it cn t-H
00
r~o
o  Ov in  cn ov
Ov 0 \ d  Os ' too in  cn ov vo
cn ^  r-
in
CN
cn
cn
' t' t  oo
ot—H
e»
VOOVr-H
CN
t-H t-H vo cn ' tcn incn
' t ' t cn H^o ' t 00 ' t vot—H cn ' t cn t-H
t—H
CNt> 34
.7
36
.7
O00
cn00 4
4.
0 vo
t—H
cnr-H
m 52
3.
3
11
02
16
02
80
2
62
7
m CN CN ov l> VO ' t ' t VO cn 'sto in 00 oo in VO Ov cn 00 Ov o' t o o cn cn o vo m t—H cn r-CN t-H t-H CN 00 t-H 'st cn in cn t-H
- 2 
'wb "d
>»
(5Jt) 4-
Tf W)* s WOa.
BM M M 'SPH PH S_^
« 0) oB B d  2K W G G
£o
jdu
d
U
B
d
Q
B
• PP
E
d
in
in' t  in  rt o  o  • ov m  cn ©
m m
o  vo m  £c- t"~ • *^1vo cn cn 0
ocn
CN O  ov 2H N ^  t
e  c n  c n  q
int-h ' t  o
t- H  O  t- H  _
i t  vo in  oN- cn '—I
Ov CN cN 00 OV oo ' t  cn
o
vo
00
o
o
' t
own
o
CN
CN
O
00
o
o
' t
p* «pp W D
d
U
W D
W D
610 /5b c* w> Sp
§  I |  |  E E
I  0  K a . s '  u AN
OV
A 
and
 
Tu
ke
y 
po
st 
ho
c 
tes
ts 
we
re 
us
ed
 
for
 t
he 
an
al
ys
es
, 
f K
ru
sk
al
-W
al
lis
 w
as 
us
ed
 
for
 t
he 
an
al
ys
is.
 V
alu
es
 w
ith
 
un
lik
e 
su
pe
rs
cr
ip
ts 
be
tw
ee
n 
qu
ar
til
es
 w
ere
 
sig
ni
fic
an
tly
 
di
ffe
re
nt
 a
s 
fo
llo
w
s; 
e,f
P<
0.
05
.
4.3.5 Baseline estimates of dietary acidity using PRALsh0rtened> protein:K and 
NAEindirectfor the LCD, F&V and WM groups
Table 4.4 shows baseline estimates of dietary acidity for each of the groups. A  
comparison of the mean P R A L Sh0rtened values between groups showed that the LCD 
group was consuming a diet that was generating the greatest acid load of 19.9 [15.4] 
mEq/d. Conversely, the F&V group had the lowest value P R A L Shortened of 6.9 [16.0], 
while the WM group had slightly higher estimates of P R A L Sh0rtened than the F&V group
8.2 [11.7] mEq/d. Furthermore, there was a significant difference between each of the 
groups (P=0.022), a significant difference between the LCD and F&V groups was also 
observed (P<0.05). Estimates of dietary acidity using the protein:K algorithm yielded 
mean values of 48.9 [13.6] mEq for the total group, a value very similar to what has 
been estimated in American healthy adults (~50mEq) (Lemann, 1999). Significant 
differences were seen between the LCD and F&V groups (P<0.05) and the LCD and 
WM groups (P<0.001). There was also a significant difference between the three groups 
(P<0.005). Dietary acidity was lastly measured using the calculation model NAE;nfw t  
Once again, the LCD group was the most acidogenic at baseline (68.3 [15.3] mEq/d), 
while the WM group had the lowest dietary acid load (57.4 [13.2] mEq/d). The F&V 
group had marginally higher mean NAEindkect values of 58.5 [16.6] mEq/d, when 
compared with the WM group.
4.3.6 Baseline measurements of bone turnover markers
Table 4.5 presents the mean [SD] of the bone turnover markers of bone resorption and 
bone formation. Mean urinary Cr values were lowest for the LCD group and highest in 
the WM group. There were marginal differences between the F&V group and the WM 
group, the former being slightly lower. A similar trend was also observed for PYD/Cr 
mean values. Mean DPD/Cr values were lowest for the F&V group and highest for the 
WM group. The mean values for the LCD group were slightly lower when compared 
with the WM group. Mean PYD/DPD values were lowest in the LCD group and highest 
in the F&V group; whereas the WM group had mean values that fell between the other
163
two groups. Mean CTx values were lowest in the F&V group (0.27ng/dl); both the LCD 
and WM group had similar values (0.30 and 0.32 ng/ml) respectively. The WM group 
had the highest mean values for P1NP (40 i^g/dl), the F&V group had the lowest mean 
values (36.6 iig/dl) and the LCD group had values that fell in within the other two 
groups (38.5 ng /dl).
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4.3.7 Anthropometric measurements at Baseline, 2 months and 6 months
Table 4.6 shows the anthropometric data for the three time-points for each of the groups. 
Those participants belonging to the LCD group were the heaviest in terms of weight 
(102.1 [13.1] kg), the F&V group followed closely with mean values of 100.8 [13.9] kg. 
Volunteers from the WM group were the lightest with respect to weight with mean 
values of 91.5 [10.2] kg. Initial weight loss, from baseline to 2 months, was rapid in 
volunteers within the LCD group, (-6.00 [3.0] kg) and in the F&V group (-4.4 [3.3] kg). 
After this point, weight loss slowed down in both groups, however, weight loss 
continued thereafter and at 6 months the overall weight loss was group, (-8.4 [5.7] kg) 
for the LCD group and, (-6.6 [4.1] kg) in the F&V group. There was a slight weight loss 
in the WM group of 0.32 kg, this was well within the acceptable range of ± 3 kg 
(personal communication S Shapses, 2007) (see also Figure 4.2). After this point, weight 
loss continued in the LCD and F&V groups i.e. (-2.40 [2.4] kg in the former group and 
-2.2 [0.8] kg in the latter group between 2 and 6 months. The WM group gained 2.42 kg 
between the period from 2 months to 6 months, however, again this was within the range 
cited in the literature (see also Figures 4.2).
BMI values decreased in both the LCD and F&V groups over the study period (-2.62 
[1.8] kg/m2 and -2.1 [1.3] kg/m2). There was a slight increase of 0.7 [1.6] kg/m2 in the 
WM group at 6 months. Systolic and diastolic blood pressure fell in both the LCD and 
FV groups at 2 months (-9.5/-7.3 mm/Hg, -9.1/-3.9 mm/Hg, respectively) and at 6 
months (-11.0/-6.8 mm/Hg, -6.6/-2.7 mm/Hg, respectively). Both systolic and diastolic 
blood pressure remained relatively stable at 2 months, however there was a slight 
increase (3.2/1.5 mm/Hg) in blood pressure at 6 months.
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Figure 4.2 M ean absolute weight loss of subjects in the LCD, F&V and W M  groups 
throughout the 6 month study period illustrating the rate  of weight loss over time, 
using ITT analysis.
Error bars represent SEM
Results from Paired t tests within groups; *** Value significantly different from baseline 
(P <0.001); £ Value significantly different from 2 months (P<0.01). Repeated measures 
ANOVA with linear trend, ns between groups.
V 1= Baseline, V2= 2 months, V3 = 6 months
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Figure 4.3 Changes in systolic and diastolic blood pressure at Baseline, 2 m onths 
and 6 months for the LCD, FV and W M  groups
Error bars represent SEM
Results from Paired t tests within groups; f  Value significantly different from baseline 
(P<0.05);*** Value significantly different from baseline (P <0.001); £ value 
significantly different from 2 months (P<0.01).
Repeated measures ANOVA with linear trend, ns between groups.
V l=  Baseline; V2= 2 months; V3 = 6 months, (a) systolic blood pressure (b) diastolic 
blood pressure.
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4.3.8 Bone turnover markers at Baseline, 2 months and 6 months: unadjusted for 
Baseline characteristics
Table 4.7 shows the mean [SD] for the bone turnover markers for each group at baseline, 
2 months and 6 months. Mean urinary creatinine (Cr) values increased at 2 months and 6 
months in both the LCD and F&V groups. This observation was initially seen in the 
WM group, however Cr values fell at 6 months i.e. baseline (12.2 [6.9] mmol), 2 months 
(12.4 [6.8] mmol) and 6 months (11.0 [5.5] mmol). At 2 months the LCD group had the 
highest cr levels (12.6 [6.7] mmol) followed by the WM group (12.4 [6.8] mmol), the 
F&V group had the lowest Cr levels (12.1 [5.7] mmol). There was an initial rise in mean 
PYD/Cr followed by a decline in both the LCD and F&V groups. There was a continual 
increase from baseline through to 6 months in mean PYD/Cr in the WM group. At 2 
months the F&V group had the highest levels of PYD/Cr (19.3 [5.0] nmol/mmol), 
followed closely by the WM group (18.9 [6.4] nmol/mmol). The LCD group had the 
lowest PYD/Cr levels (17.5 [3.7nmol/mmol). A similar observation was observed again 
at 6 months for the LCD group (16.3 [1.8] nmol/mmol), however the WM group had the 
highest PYD/Cr levels (20.9 [11.5] nmol/mmol), while the F&V group had levels 
slightly above the LCD group (17.2 [3.9] nmol/mmol). A similar trend was observed for 
DPD/Cr values with respect to the initial rise and eventual decline in both the LCD and 
F&V groups. Again, there was a continual rise in mean DPD/Cr in the WM group with 
time. At 2 months, values were very similar for mean DPD/Cr, there were marginal 
differences at 6 months for the LCD and F&V groups i.e. (4.30 [0.7] Vs 4.20 [0.6] 
nmol/mmol), with the WM group having slightly higher values (5.00 [2.8] nmol/mmol). 
PYD/DPD values remained constant across the time-points in the WM group. A similar 
observation was observed in the LCD group, with a slight decrease in mean values at 6 
months. However, there was a step like decline in PYD/DPD values in the F&V group
i.e. (4.3 [0.5] at baseline, 4.2 [0.5] at 2 months and 4.1 [0.5] at 6 months. In the LCD and 
WM groups, mean CTx values remained relatively constant initially, though an increase 
was observed in both groups at 6 months (P<0.05). CTx values also significantly 
increased at each time-point in the F&V group (P<0.001) (see Figure 4.4). Initially there 
was a reduction in P1NP in the LCD group, however, values increased at 6 months
170
(PcO.OOl) (see Figure 4.5). In the F&V group, mean PINP values increased between 
baseline and 2 months, but there was a slight decrease in values at 6 months (PcO.OOl). 
In the WM group PINP values remained relatively constant over the 6-month period.
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Figure 4.4 Changes in CTx throughout the study in the LCD, F&V and WM 
groups.
Results from Paired t tests within groups; *** Value significantly different from baseline {P 
<0.001); $ value significantly different from 2 months (P<0.01); t  Value significantly different 
from baseline (P<0.05).
Repeated measures ANOVA with linear trend, ns between groups.
V l=  Baseline; V2= 2 months; V3 = 6 months.
173
46 
44 
42 J
S 40
WD
Z  38 J
36
34
32
30
VI V2 V3 
it- LCD (n 21, n 16, /z 76) 
i§ F&V (n 21, rc 22, n 19) 
WM (n 13 n 12 n 13)
-¥ime-(m onths)
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groups.
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Results from Paired t tests within groups; *** Value significantly different from baseline 
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Repeated measures ANOVA with linear trend, ns between groups.
V l=  Baseline; V2= 2 months; V3 = 6 months.
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4.3.9 Estimates of dietary acidity using P R A L sh 0rtened? protein:K and N A E j n d i r e c t  at 
Baseline, 2 months and 6  months: unadjusted for Baseline characteristics.
Table 4.8 shows estimates of dietary acidity for each of the groups at baseline, 2 and 6  
months. A comparison of the mean P R A L Sh 0rten ed  values for the LCD showed a clear 
increase in acid load of 17 mEq/d between baseline and 6  months (P<0.05). Conversely, 
P R A L Sh ortened  values in the F&V group significantly fell from 6.9 mEq/d to -0.5 mEq/d 
over the 6  month period (P=0.03). Similarly, there was a non-significant reduction in 
P R A L s h o r t e n e d  values of 6.9 mEq/d in the WM group during the same period. 
Furthermore, there were significant difference between quartiles and within time-points 
at baseline and 6  months for each of the groups (P<0.01 to P< 0.001) (see Figure 4.6). 
Again, estimates of dietary acidity using the protein:K algorithm (see Figure 4.7) 
showed similar observations with significant increases in the LCD group between 
baseline and 6  months (P<0.05). On the other hand there was a significant drop observed 
in dietary acidity from baseline to 6  months in the F&V group (P<0.05). The dietary 
acid load of the WM group remained relatively stable throughout the duration of the 
study. Once again, there was a significant difference between quartiles and within time- 
points at baseline and 6  months for each of the groups (P<0.01 to P< 0.001). Increasing 
estimates of dietary acidity as measured by NAEindirect in the LCD group was evident at 6  
months (a change of 13.1 mEq/d from baseline values) (P=0.06). Conversely, there was 
a consistent drop across time-points in both the F&V and WM groups, with a significant 
difference between baseline and 2  months and baseline and 6  months respectively in the 
F&V group (P = 0.02) (see Figure 4.8).
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Figure 4.6 M ean differences in dietary acid as estimated by PRALsh0rtened between 
groups and at different time-points: unadjusted for Baseline characteristics
Error bars represent SEM
Results from Paired t tests within groups; tValue significantly different from baseline 
(P<0.05); $ Value significantly different from 2 months (P<0.01).
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4.3.10 Macro- and micronutrient intakes at Baseline, 2 months and 6  months: 
unadjusted for Baseline characteristics.
The macro- and micronutrient profile for baseline, 2 months, and 6 months of each 
groups are presented in Table 4.9. Energy intakes significantly decreased for the LCD 
and F&V groups at 6 months (P=0.04, P=0.01, respectively). A similar non significant 
trend was observed in the WM group. A modest increase in fat and protein consumption 
was evident in the LCD group. There was a notable reduction in fat intake at both 2 
months and 6 months in the F&V group (PcO.OOl). There was a moderate increase in fat 
consumption at 2 months in the WM group, however thereafter a striking reduction in fat 
intake, below that of baseline values. Protein intakes in the F&V group remained 
relatively stable throughout the study. A comparable trend was observed in the WM 
group at the 2 month interval, yet there was an obvious fall in protein intake at 6 months 
(P=0.05). Carbohydrate consumption in the LCD group fell drastically from 238.9 g/d to 
90.9 g/d over the 6 months trial (PcO.OOl). Carbohydrate intake in the F&V group 
remained relatively stable throughout the study. A similar trend was observed initially in 
the WM group during the first 2 months, however carbohydrate intakes fell thereafter. 
Vitamin C levels in both the LCD and WM groups remained reasonably constant 
throughout the study. There was a significant steady increase in vitamin C levels over 
the period of the study (P=0.08). Vitamin D intakes increased significantly from 3.7 
pg/d to 5.6 pg/d in the LCD group (P=0.04). Conversely, there was a significant decline 
in vitamin D levels in the WM group (P=0.001), whereas values in the F&V group 
remained relatively constant. The mean Ca intake at 6 months was very similar to the 
baseline value in the LCD group (1065 mg versus 980.2 mg, respectively). A similar 
trend was observed in the F&V and WM groups, however there was a visible fall in Ca 
levels in the latter group at 6 months (P=0.06). There was a decrease in K levels 
throughout the study in the LCD group. There was a significant rise in K levels in the 
F&V group during the trial (P=0.03). Originally, there was an increase in K levels in the 
WM group during the first 2 months; this was followed by a decline in values thereafter. 
Throughout the study, there was very little difference in P levels in the LCD group. In 
the WM group, P levels remained relatively stable during the first 2 months, however a
180
decline in values was observed at 6 months. P levels decreased slightly from baseline to 
2 months in the F&V group, yet values returned to their original levels at 6 months.
4.3.11 Anthropometric measurements at Baseline, 2 months and 6  
months:adjustcd for Baseline characteristics
The rates of weight loss over time in each group are tabulated in Table 4.10 and 
illustrated diagrammatically in Figure 4.9. Initial weight loss, from baseline to 2 months, 
was rapid in volunteers within the LCD group, (-6.00 [3.2] kg) and F&V groups, (-4.6
[3.4] kg), respectively. After this point, weight loss slowed down in both groups, 
however weight loss continued and at 6 months the overall weight loss was group, (-8.9
[5.5] kg) for the LCD group and, (-6.6 [4.2] kg) in the F&V group.
There was a slight weight loss in the WM group of 0.32 kg, this was well within the 
acceptable range of ± 3 kg (personal communication Susan Shapses, 2007) (see also 
Figures 4.2). After this point, weight loss continued in the LCD and F&V groups i.e. ( -  
2.40 [2.4] kg in the former group and -2 .2  [0.8] kg in the latter group between 2 and 6 
months. The WM group gained 2.42 kg between the period from 2 months to 6 months, 
however again this was within the acceptable range (see Figures 4.2). A significant 
difference, (PcO.001) in weight change was apparent between groups when compared at 
baseline and 2 months, and again at baseline and 6 months.
BMI values decreased in both the LCD and F&V groups during the 6 months study 
(-2.62 [1.8] kg/m2 and -2.1 [1.3] kg/m2). There was a slight increase of 0.7 [1.6] kg/m2 in 
the WM group at 6 months. As can be seen from Table 4.10 systolic and diastolic blood 
pressure fell in both the LCD and FV groups at 2 months (-9.5/-7.3 mm/Hg, -9.1/-3.9 
mm/Hg, respectively) and at 6 months (-11.0/-6.8 mm/Hg, -6.61-2.1 mm/Hg, 
respectively). Both systolic and diastolic blood pressure remained relatively stable at 2 
months, however there was a slight increase (3.2/1.5 mm/Hg) in blood pressure at 6 
months (see Figure 4.3).
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Figure 4.9 M ean absolute weight loss of subjects in the LCD, F&V and W M  
groups throughout the 6 m onth study period illustrating the ra te  of weight loss over 
time, using ITT analysis.
Error bars represent SEM
Results from Paired t tests within groups; *** Value significantly different from baseline 
(P <0.001); t  Value significantly different from 2 months (P<0.01).
V l=  Baseline; V2= 2 months; V3 = 6 months.
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Figure 4.10 Changes in systolic and diastolic blood pressure a t Baseline, 2 months 
and 6 months for the LCD, FV and WM groups
Error bars represent SEM
V 1= Baseline; V2= 2 months; V3 = 6 months:(a) systolic blood pressure (b) diastolic 
blood pressure.
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4.3.12 Macro- and micronutrient intakes at 2 months and 6  months for the LCD, 
FV and WM groups: adjusted for Baseline characteristics.
The macro- and micronutrient profile for 2 months and 6 months (adjusted for baseline 
characteristics) of each groups are presented in Table 4.11. Energy intakes decreased in 
the LCD and F&V groups at 6 months. However, in the F&V group, there was a rise in 
energy levels from 2 months to 6 months. There was a marginal increase in energy 
values from baseline to 2 months in the WM group, however there was an unexpected 
fall in values at 6 months. A modest increase in fat and protein consumption was evident 
in the LCD group. There was a notable reduction in fat intake at both 2 months and 6 
months in the F&V group (PcO.OOl). There was a modest increase in fat consumption at 
two months in the WM group, however thereafter a striking reduction in fat intake, 
below that of baseline values. Protein intakes in the F&V group remained relatively 
constant throughout the study. A comparable trend was observed in the WM group at the 
2 month interval, yet there was an obvious fall in protein intake at 6 months. 
Carbohydrate consumption in the LCD group fell drastically from 238.9 g/d to 90.1 g/d 
over the 6 months trial (PcO.OOl). Carbohydrate intake in the F&V group remained 
relatively constant throughout the study. A similar trend was observed initially in the 
WM group during the first 2 months, however carbohydrate intakes fell thereafter. 
Vitamin C levels in both the LCD and WM groups remained reasonably constant 
throughout the study. There was a steady increase in vitamin C levels in the F&V group 
over the period of the study (P=0.08). Vitamin D intakes increased significantly from 
3.7 pg/d to 5.6 pg/d in the LCD group (P=0.04). On the other hand, there was a 
significant decline in vitamin D levels in the WM group (P<0.01), whereas values in the 
F&V group remained relatively constant, though a slight decline in levels was observed 
at 2 months. The mean Ca intake at 6 months was very similar to the baseline value in 
the LCD group (1065 mg versus 980.2 mg, respectively). A similar trend was observed 
in the F&V and WM groups, however there was a visible fall in Ca levels in the latter 
group at 6 months. There was a decrease in K levels throughout the study in the LCD 
group. There was a significant rise in K levels in the F&V group during the trial 
(P=0.03). Initially, there was an increase in K levels in the WM group during the first 2
186
months; this was followed by a decline in values thereafter. Over the course of the 
study, there was very little difference in P levels in the LCD group. In the WM group, P 
levels remained relatively stable during the first 2 months, however a decline in values 
was observed at 6 months. P levels decreased slightly from baseline to 2 months in the 
F&V group, however values returned to their initial levels at 6 months.
4.3.13 Bone turnover markers at 2 months and 6  months for the LCD, FV and 
WM groups: adjusted for Baseline characteristics
Bone turnover markers for each group at 2 and 6 months (adjusted for baseline 
characteristics) are shown in Table 4.12. Mean urinary Cr values increased at 2 months 
and 6 months in both the LCD and F&V groups. This observation was initially seen in 
the WM group, however Cr values fell at 6 months i.e. baseline (12.2 [6.9] mmol), 2 
months (12.4 [6.8] mmol) and 6 months (11.0 [5.5] mmol). At 2 months the LCD group 
had the highest Cr levels (13.7 [6.8] mmol) followed by the WM group (12.4 [6.8] 
mmol), the F&V group had the lowest Cr levels (12.0 [5.8] mmol). There was an initial 
rise in mean PYD/Cr followed by a decline in both the LCD and F&V groups. There 
was a continual increase from baseline through to 6 months in mean PYD/Cr in the WM 
group. At 2 months the F&V group had the highest levels of PYD/Cr (19.6 [4.9] 
nmol/mmol), followed closely by the WM group (18.9 [6.4] nmol/mmol). The LCD 
group had the lowest PYD/Cr levels (18.4 [3.0] nmol/mmol). A similar observation was 
observed again at 6 months for the LCD group (16.4 [1.6] nmol/mmol), however the 
WM group had the highest PYD/Cr levels (20.9 [11.5] nmol/mmol), while the F&V 
group had levels slightly above the LCD group (17.6 [3.8] nmol/mmol). A similar trend 
was observed for DPD/Cr values with respect to the initial rise and eventual decline in 
both the LCD and F&V groups. Again, there was a continual rise in mean DPD/Cr in the 
WM group with time. At 2 months, values were very similar for mean DPD/Cr, there 
were modest differences at 6 months for the LCD and F&V groups i.e. (4.22 [0.78] Vs 
4.31 [0.6] nmol/mmol), with the WM group having slightly higher values (5.03 [2.8] 
nmol/mmol). PYD/DPD values remained stable across the time-points in the WM group.
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A similar observation was seen in the LCD group, with a slight decrease in mean values 
at 2 months. However, there was a step like decline in PYD/DPD values in the F&V 
group i.e. 4.27 [0.46] at baseline, 4.19 [0.53] at 2 months and 4.04 [0.55] at 6 months. 
CTx values increased at both time-points in the LCD group. In the WM group mean 
CTx values remained stable initially, though a slight increase was observed at 6 months. 
A modest increase in CTx values was observed in the F&V (see Figure 4.11). There was 
an increase in P1NP in the LCD group at each time-point. In the F&V group mean P1NP 
values increased between baseline and 2 months, but there was a decrease in values at 6 
months. P1NP values remained moderately steady over the 6 month period in the WM 
group (see Figure 4.12).
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Figure 4.11 Changes in CTx throughout the study in the LCD, F&V and WM 
groups: adjusted for Baseline characteristics
Error bars represent SEM
ANCOVA was used for the analysis. Adjusted for age and baseline (weight, blood pressure, 
PRALShonened and carbohydrate intake).
Repeated measures ANOVA with linear trend, ns between groups.
V l=  Baseline; V2= 2 months; V3 = 6 months.
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Figure 4.12 Changes in P1NP throughout the study in the LCD, F&V and WM 
groups: adjusted for Baseline characteristics
Error bars represent SEM
ANCOVA was used for the analysis. Adjusted for age and baseline (weight, blood pressure, 
PRALshortened and carbohydrate intake).
Repeated measures ANOVA with linear trend, ns between groups.
V 1= Baseline; V2= 2 months; V3 = 6 months.
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4.3.14 Estimates of dietary acidity using PRALShortened» protein:K and NAEindirect at
2 months and 6 months: adjusted for Baseline characteristics.
Table 4.13 shows estimates of dietary acidity for each of the groups at 2 and 6 months 
(adjusted for baseline characteristics). A  comparison of the mean PR A LSh0rtened values for 
the LC D showed a clear increase in acid load of 17 mEq/d between baseline and 6 
months (P < 0.05). Conversely, PR A L Sh0rtened values in the F&V group significantly fell 
from 6.9 mEq/d to - 1.3 mEq/d over the 6 month period (P < 0.05). Similarly, there was a 
non significant reduction in P R A L Sh0rtened values of 6.9 mEq/d in the WM group during 
the same period. Furthermore, there were significant difference between quartiles and 
within time-points at baseline and 6 months for each of the groups (PcO.Ol to P< 0.001) 
(see Figure 4.13).
Dietary acidity estimated using the protein:K algorithm showed similar observations 
with significant increases in the LCD group between baseline and 6 months (P<0.05). 
Conversely, there was a significant drop observed in dietary acidity from baseline to 6 
months in the F&V group (P<0.05). The dietary acid load of the WM group remained 
relatively stable throughout the duration of the study. There was a significant difference 
between quartiles and within time-points at baseline and 6 months for each of the groups 
(P<0.01 to P< 0.001) (see Figure 4.14).
Increasing estimates of dietary acidity as measured by NAEindirect in the LCD group was 
evident at 6 months (a change of 13.1 mEq/d from baseline values). Conversely, there 
was a consistent drop across time-points in both the F&V and WM groups with a 
significant difference between baseline and 2 months and baseline and 6 months 
respectively in the F&V group (P<0.05) (see Figure 4.15).
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Figure 4 .13  M ean differences in dietary acid as estimated by P R A L Shortened between 
groups and at different time-points: adjusted for Baseline characteristics
ANCOVA was used for the analysis. Adjusted for age and baseline (weight, blood pressure, 
PRALshortened and carbohydrate intake). Kruskal-Wallis was used for the analysis.
Error bars represent SEM
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Figure 4.14 M ean differences in dietary acid as estimated by protein:K  between 
groups and at different time-points: adjusted for Baseline characteristics
ANCOVA was used for the analysis. Adjusted for age and baseline (weight, blood pressure, 
PRALShortened and carbohydrate intake). Kruskal-Wallis was used for the analysis.
Error bars represent SEM
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groups and at different time-points.
ANCOVA was used for the analysis. Adjusted for age and baseline (weight, blood pressure, 
P R A L Shortened and carbohydrate intake).
Error bars represent SEM
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4.4 Compliers Analysis (Per Protocol)
The following section is pertaining to those participants who complied with the study 
using the following criteria. Participants recruited to the LCD and F&V groups were 
deemed to have complied if they had lost > 5% of their original body weight. Volunteers 
in the WM were said to have complied if they maintained their weight within ± 3% of 
their preliminary body weight.
Table 4.14 shows the baseline anthropometric data for each of the groups. The F&V 
group was the eldest group of men with a mean age of 52 years, men in the LCD group 
had a mean age of 46 years, and the WM group had a mean age of 44 years. There was a 
significant difference in age between the three groups (P=0.03). There was a modest 
difference between the LCD and F&V groups with regard to weight. The WM group had 
the lowest initial mean weight, no significant difference was observed between groups . 
The mean height for each group was very similar across the groups (ranging between 
1.76 and 1.8 m), yet the LCD group on average was the tallest group. The mean baseline 
BMI for the LCD and the F&V groups were very similar with values slightly above the 
cut-off value for obese individuals. The mean BMI for the WM group was slightly lower 
at 29.3 kg/m2, thus placing this group in the overweight category. The LCD group had 
the highest mean value for both mean systolic and diastolic blood pressure 137/87 
mm/Hg. The mean systolic and diastolic blood pressure for the F&V group was 131/84, 
the lowest mean blood pressure values was observed in the WM group (126/78 mm/Hg).
4.4.1 Baseline macro and micronutrient intakes for the LCD, F&V and WM  
groups
The baseline macro- and micronutrient characteristics of the groups are presented in 
Table 4.15. The EAR for energy in adult males for this study is between 2,330-2,550 
kcal. Mean [SD] daily intake for energy for the total group was 2365 [578] kcal. The 
F&V group had the lowest energy intakes 2300 [444] kcal which is below the EAR, the
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mean [SD] of 2301 [691] kcal for the LCD group fell below the EAR. The WM group 
had the highest energy intakes of 2653 [678] kcal and with a range of 1725-3675 kcal. 
Consumption of fat was the same in the both the LCD and WM groups with mean 
intakes of 101.8 g. The F&V group had the lowest fat mean [SD] intakes of 86.1 g.
Daily mean intakes for protein exceeded the Reference Nutrient Intake (RNI) of 53.3- 
55.5g/d as the mean [SD] daily intakes for the total group was 99.9 [27.1] g/d with a 
range of 59.1- 216.2 g. The LCD and the WM groups had the highest mean [SD] intake 
of 103.5 [36.3] g and 103.8 [29.2] g respectively. The F&V group had the lowest 
consumption of protein 96.1 [18.7] g. Carbohydrate intakes were highest in the WM 
group (296.7 [112] g), followed by the F&V group 260.5 [63.5], with the LCD group 
have the lowest consumption (230.8 [86.3] g) (Department-of-Health, 1991).
The micronutrients Ca, P and vitamin C were higher than the reference nutrient intake 
(RNI) in all groups (Department-of-Health, 1991). Even though there is no RNI for 
vitamin D, mean daily intakes across the groups were below what experts committees 
recommend. K intake was below the RNI for the LCD group however, both the F&V 
and WM groups had higher mean intakes than the RNI. Mean daily intakes for Mg were 
above the in all groups. Mean daily intakes for both Na and Cl were well above the RNI; 
and both Zn and Cu were also above the RNI (Department-of-Health, 1991).
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4.4.2 Baseline estimates of dietary acidity using PRALShortened> protein:K and
NAEindirect for the LCD, F&V and W M  groups
Table 4.16 shows baseline estimates of dietary acidity for each group. A  comparison of 
the mean P R A L Sh0rtened values between groups showed that the LCD group was 
consuming a diet with the highest dietary acid load. Conversely, the WM group had the 
lowest P R A L Shortened value, while the F&V group had a P R A L Shortened value which fell 
between the two other groups. Estimates of dietary acidity using the protein:K algorithm 
yielded mean values of 48.9 [12.6] mEq/d for the total group, a value very similar to 
what has been estimated in American healthy adults (-50 mEq) (Lemann, 1999). 
Significant difference were seen between the LCD and WM groups (P=0.033). There 
was also a significant difference between the three groups (P=0.036). Dietary acidity 
was finally measured using the calculation model NAEindirect. Once again, the LCD group 
was the most acidogenic at baseline, while the WM group generated the lowest dietary 
acid load. The F&V group had slightly higher mean NAEindirect values when compared to 
the WM group.
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4.4.3 Baseline measurements of bone turnover markers
Table 4.17 presents the mean [SD] of the bone turnover markers of bone resorption and 
bone formation. Mean urinary Cr values were lowest for the LCD group and highest in 
the WM group, with values in the F&V group somewhere between the aforementioned 
groups. Mean values for PYD/Cr were similar across the groups. Mean DPD/Cr values 
were lowest for the F&V group and highest for the LCD group. The mean values for the 
WM group were slightly lower when compared with the LCD group. Mean PYD/DPD 
values were lowest in the LCD group and highest in the F&V group; whereas the WM 
group had mean values that were slightly higher than the LCD group. Mean CTx values 
were lowest in the F&V group (0.27ng/dl); both the LCD and WM group had the same 
values (0.30 ng/ml). The WM group had the highest mean values for P1NP (40.4 ng/dl), 
the F&V group had the lowest mean values (37.2 i^g/dl) and the LCD group had values 
that fell in within the other two groups (38.0 iig/dl).
4.4.4 Anthropometric measurements at Baseline, 2 months and 6  months
Table 4.18 illustrates the anthropometric data for the three time-points for each of the 
groups. Those participants belonging to the LCD group were the heaviest in terms of 
weight (102.3 [13.9] kg), the F&V group followed closely with mean values 98.6 [12.5] 
kg. Volunteers from the WM group were the lightest with respect to weight with mean 
values of 91.1 [12.6] kg. Initial weight loss, from baseline to 2 months, was more rapid 
in volunteers within the LCD group, followed by the F&V group. After this point, 
weight loss slowed down in both groups, however weight loss continued and at 6  months 
the overall weight loss was group, (-9.7 [5.1] kg) for the LCD group and, (-7.6 [3.9] kg) 
in the F&V group. There was a slight weight gain in the WM group of 0.7 kg, this was 
well within the acceptable range of ± 3 kg (personal communication Susan Shapses, 
2008) (see also Figures 4.16). At six months there were significant differences in weight 
loss between groups (P<0 .0 0 1 ).
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BMI values decreased in both the LCD and F&V groups during the 6  months study 
(-3.00 [1.6] kg/m 2  and -2.4 [1.2] kg/m2). There was a slight increase of 0.2 [0.4] kg/m 2  in 
the WM group at 6  months. Systolic and diastolic blood pressure fell in both the LCD 
and FV groups at 2 months (-9.21-1 .4 mm/Hg, -9.7/-4.2 mm/Hg, respectively) and at 6  
months (-11.5/-6.4 mm/Hg, -1.91-3.9 mm/Hg, respectively). Both systolic and diastolic 
blood pressure remained relatively stable in the WM group at 2 months, however there 
was a slight increase (3.9/1.5 mm/Hg) in blood pressure at 6  months (see Figures 4.17).
4.4.5 Bone turnover markers at 2 months and 6  months for the LCD, FV and 
WM groups: adjusted for Baseline characteristics
Bone turnover markers for each of the three groups at 2 and 6  months (adjusted for 
baseline characteristics) are shown in Table 4.19. Mean urinary Cr values increased at 2 
months and 6  months in both the LCD and F&V groups. This observation was initially 
observed in the WM group; however, Cr values fell at 2 months and again at 6  months. 
At 2 months the LCD group had the highest Cr levels (12.3 [6.7] mmol) followed by the 
F&V group (11.9 [5.5] mmol), the WM group had the lowest Cr levels (11.4 [7.2] 
mmol). There was an initial rise in mean PYD/Cr followed by a decline in both the LCD 
and F&V groups. There was a continual increase from baseline through to 6  months in 
mean PYD/Cr in the WM group. At 2 months the WM group had the highest levels of 
PYD/Cr (19.3 [8.0] nmol/mmol), followed closely by the F&V group (18.6 [4.3] 
nmol/mmol). The LCD group had the lowest PYD/Cr levels (17.8 [3.9] nmol/mmol). A 
similar observation was observed again at 6  months for the LCD group (16.4 [1.7] 
nmol/mmol), however the WM group had the highest PYD/Cr levels (22.2 [13.8] 
nmol/mmol), while the F&V group had levels very slightly above the LCD group (16.5 
[3.7] nmol/mmol). A similar trend was observed for DPD/Cr values with respect to the 
initial rise and eventual decline in both the LCD and F&V groups. Again, there was a 
continual rise in mean DPD/Cr in the WM group with time. At 2 months, values were 
very similar for mean DPD/Cr, there were modest differences at 6  months for the LCD 
and F&V groups i.e. (4.41 [0.74] Vs 4.13 [0.62] nmol/mmol), with the WM group 
having slightly higher values (5.43 [3.42] nmol/mmol). PYD/DPD values remained
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stable across the time-points in the WM group. A similar observation was seen in the 
LCD group, with a slight decrease in mean values at 2 months and again at 6  months. 
However, there was a step-like decline in PYD/DPD values in the F&V group i.e. 4.31 
[0.46] at baseline, 4.22 [0.48] at 2 months and 4.01 [0.47] at 6  months. CTx values 
increased at both time-points (2 and 6  months) in the LCD group. In the WM group, 
mean CTx values remained relatively stable initially, though a slight increase was 
observed at 6  months. A modest increase in CTx values was observed at both 2 and 6  
months in the F&V (see Figure 4.18). There was a slight increase in P1NP in the LCD 
group at each time-point. In the F&V group, mean P1NP values increased between 
baseline and 2 months, yet there was a decrease in values at 6  months. In the WM group, 
P1NP values fell slightly at 2 months, however they returned to the initial levels again at 
6  months (see Figure 4.19).
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Figure 4.16 M ean absolute weight loss of subjects in the LCD, F&V and WM 
groups throughout the 6 month study period illustrating the ra te  of weight loss over 
time.
Error bars represent SEM
Results from Paired t tests within groups; *** value significantly different from baseline 
(P <0.001); $ value significantly different from 2 months and 6 months (P<0.01). 
Repeated measures ANOVA with clear trend, ns between groups.
V 1= Baseline; V2= 2 months; V3 = 6 months.
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Figure 4.17 Changes in systolic and diastolic blood pressure throughout the study 
in the LCD, F&V and WM groups:
Error bars represent SEM
Results from Paired t tests within groups; f  Value significantly different from baseline 
(P<0.05), *** Value significantly different from baseline (P <0.001); $ Value 
significantly different from 2 months (P<0.01).
Repeated measures ANOVA with clear trend, ns between groups.
V l=  Baseline; V2= 2 months; V3 = 6 months: (a) systolic blood pressure (b) diastolic 
blood pressure.
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Figure 4.18 Changes in CTx throughout the study in the LCD, F&V and WM 
groups.
Error bars represent SEM
Results from Paired t tests within groups; *** Value significantly different from baseline 
(P <0.001); $ Value significantly different from baseline (P<0.01); f  Value significantly 
different from baseline (P<0.05).
Repeated measures ANOVA with clear trend, ns between groups.
V l=  Baseline; V2= 2 months; V3 = 6 months.
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Figure 4.19 Changes in P1NP throughout the study in the LCD, F&V and WM 
groups.
Error bars represent SEM
Results from Paired t tests within groups; *** value significantly different from baseline 
(.P <0.001); £ value significantly different from baseline (P<0.01). Repeated measures 
ANOVA with clear trend, ns between groups.
V 1 = Baseline; V2= 2 months; V3 = 6 months.
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4.4.6 Estimates of dietary acidity as calculated by PRALSh0rtened» protein:K and
NAEjndirect at 2 months and 6 months: adjusted for Baseline characteristics.
Estimates of dietary acidity for the group at each time-point are shown in Table 4.20. A 
comparison of the mean PRALShortened values for the LCD showed a clear increase in acid 
load of 19.2 mEq/d between baseline and 6 months (P=0.06). Conversely, PRALSh0rtened 
values in the F&V group significantly decreased 9.5 mEq/d over the 6 month period 
(P<0.05). Similarly, there was a non-significant reduction in PRALsh0rtened values of 9.4 
mEq/d in the WM group during the same period. Furthermore, there were significant 
differences between quartiles and within time-points at 6 months for each of the groups 
(P< 0.001) (see Figure 4.20).
Dietary acidity estimated using the protein.'K algorithm showed similar observations 
with an increased trend in the LCD group between baseline and 6 months (p=0.067). 
Conversely, there was a significant drop observed in dietary acidity from baseline to 6 
months in the F&V group (P<0.05). The dietary acid load of the WM group remained 
relatively stable throughout the duration of the study. There was a significant difference 
between quartiles and within time-points at 6 months for each of the groups (P< 0.001) 
(see Figure 4.21).
Increasing estimates of dietary acidity as measured by NAEjndirect in the LCD group was 
evident at 6 months (a change of 13.2 mEq/d from baseline values). Conversely, there 
was a consistent drop across time-points in both the F&V and WM groups with a 
significant difference between baseline and 6 months respectively in the F&V group 
(P<0.01) (see Figure 4.22).
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Figure 4.20 M ean differences in dietary acid as estimated by PRALSh0rtened between 
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Error bars represent SEM
4.4.7 M acro- and m icronutrient intakes a t 2 months and 6 months for the LCD, 
FV and WM groups: unadjusted for Baseline characteristics.
The macro- and micronutrient profile for 2 months and 6 months for each groups are 
presented in Table 4.21. Energy intakes fell in the LCD and F&V groups at 6 months. 
However, in the F&V group, there was an increase in energy levels during the period 
from 2 months to 6 months. There was a marginal decrease in energy values from 
baseline to 2 months in the WM group, and this trend continued for the duration of the 
study. A slight increase in fat was observed in the LCD group, a modest increase in 
protein consumption was also evident in the LCD group. There was a notable reduction 
in fat intake at both 2 months and 6 months in the F&V group (P<0.05, P=0.001
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respectively). There was large reduction in fat consumption at two months and again at 6 
months in the WM group. Protein intakes in the F&V group decreased slightly at 2 
months, increasing slightly thereafter to below baseline values. A comparable trend was 
observed in the WM group at the 2 months interval, yet there was an obvious fall in 
protein intake at 6 months. Carbohydrate consumption in the LCD group fell drastically 
from 230.8 g/d to 93.3 g/d over the 6 months trial (P=0.002). Carbohydrate intake in the 
F&V group remained relatively constant, though there was a decreasing trend as the trial 
progressed. A similar trend was observed initially in the WM group during the first 2 
months, however carbohydrate intakes fell thereafter. Vitamin C levels in both the LCD 
and WM groups remained reasonably constant throughout the study. There was a steady 
increase in vitamin C levels in the F&V group over the period of the study. Vitamin D 
intakes increased significantly from 3.6 pg/d to 5.6 pg/d in the LCD group (P=0.03). On 
the other hand, there was a significant decline in vitamin D levels in the WM group at 6 
months (P=0.06), whereas values in the F&V group remained relatively constant, though 
a slight decline in levels was observed at 2 months. The mean Ca intake at 6 months was 
very similar to the baseline value in the LCD group (1024 mg versus 953.4 mg, 
respectively). A similar trend was observed in the F&V and WM groups, however there 
was a visible fall in Ca levels in the latter group at 6 months (P<0.05). There was a 
decrease in K levels throughout the study in the LCD group. There was a significant rise 
in K levels in the F&V group during the trial (P<0.001). There was a decrease in K 
levels in the WM group during the first 2 months; this was followed by a further decline 
in values thereafter. Over the course of the study, there was very little difference in P 
levels in the LCD group. In the WM group, P levels declined both at 2 months and again 
at 6 months. P levels decreased slightly from baseline to 2 months in the F&V group, 
however values returned to just below their original levels at 6 months.
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4.4.8 Anthropometric measurements at Baseline, 2 months and 6 months
Table 4.22 shows the anthropometric data for the three time-points for each of the 
groups. Those participants belonging to the LCD group were the heaviest in terms of 
weight (102.3 [13.9] kg), the F&V group followed closely with mean values 100.8 
[13.9] kg. Volunteers from the WM group were the lightest with respect to weight with 
mean values of 91.5 [10.2] kg. Initial weight loss, from baseline to 2 months, was rapid 
in volunteers within the LCD group, (-6.5 [2.7] kg) and in the F&V group (-4.8 [3.7] 
kg). After this point, weight loss slowed down in both groups, however weight loss 
continued and at 6 months the overall weight loss was group, (-9.8 [4.2] kg) for the LCD 
group and, (-7.7 [4.1] kg) in the F&V group. There was a slight weight loss in the WM 
group of 0.7 kg at 6 months. This was well within the acceptable range of ± 3 kg 
(personal communication Susan Shapses, 2008) (see Figure 4.23).
BMI values decreased in both the LCD and F&V groups during the 6 months study 
(-3.1 [1.6] kg/m2 and -2.4 [1.3] kg/m2). There was a slight increase of 0.2 [0.4] kg/m2 in 
the WM group at 6 months. Systolic and diastolic blood pressure fell in both the LCD 
and FV groups at 2 months (-8.6/-6.7 mm/Hg, -9.7/-4.2 mm/Hg, respectively) and at 6 
months (-11.1/-4.9 mm/Hg, -1.91-3.9 mm/Hg, respectively). Both systolic and diastolic 
blood pressure remained relatively stable at 2 months, however there was a slight 
increase (3.9/1.5 mm/Hg) in blood pressure at 6 months (see Figures 4.24).
4.4.9 Macro- and micronutrient intakes at 2 months and 6  months for the LCD, 
FV and WM groups: adjusted for Baseline characteristics.
The macro- and micronutrient profile for 2 months and 6 months (adjusted for baseline 
characteristics) of each groups are presented in Table 4.23. Energy intakes decreased in 
the LCD and F&V groups at 6 months. However, in the F&V group, there was a rise in 
energy levels from 2 months to 6 months. There was a marginal decrease in energy 
values from baseline to 2 months in the WM group, and this trend continued for the
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duration of the study. A modest increase in fat and protein consumption was evident in 
the LCD group. There was a notable reduction in fat intake at both 2 months and 6 
months in the F&V group (P<0.001). Protein intakes in the F&V group remained 
relatively constant throughout the study. A comparable trend was observed in the WM 
group at the 2 months interval, yet there was an obvious fall in protein intake at 6 
months. Carbohydrate consumption in the LCD group fell rapidly over the 6 months 
study (P<0.001). Carbohydrate intake in the F&V group remained relatively constant 
throughout the study. A similar trend was observed initially in the WM group during the 
first 2 months; however, carbohydrate intakes fell slightly thereafter. Vitamin C levels in 
both the LCD and WM groups remained reasonably constant throughout the study. 
There was a steady increase in vitamin C levels in the F&V group over the period of the 
study. Vitamin D intakes increased significantly in the LCD group (P<0.05). 
Conversely, there was a significant decline in vitamin D levels in the WM group 
(P<0.01) at 6 months, whereas values in the F&V group remained relatively constant, 
though a slight decline in levels was observed at 2 months. The mean Ca intake at 6 
months was similar to the baseline level in the LCD group. A similar trend was observed 
in the F&V and WM groups; however, there was a visible fall in Ca levels in the latter 
group at 6 months. There was a decrease in K levels throughout the study in the LCD 
group. There was a significant rise in K levels in the F&V group during the trial 
(P<0.05). Initially, there was an increase in K levels in the WM group during the first 2 
months; this was followed by a decline in values thereafter. There was very little 
difference in P levels throughout the study in the LCD group. In the WM group, P levels 
fell slightly during the first 2 months, however the decline was more apparent at 6 
months. P levels decreased slightly from baseline to 2 months in the F&V group, 
however values returned to just below original levels at the 6-month timepoint..
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Figure 4.23 M ean absolute weight loss of subjects in the LCD, F&V and WM 
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Error bars represent SEM
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Figure 4.24 Changes in systolic and diastolic blood pressure throughout the 
study in the LCD, F &V and WM groups.
Error bars represent SEM
Results from Paired t tests within groups; f  Value significantly different from 
baseline (P<0.05), *** Value significantly different from baseline (P <0.001); t  
Value significantly different from 2 months (P<0.01).
V l=  Baseline; V2= 2 months; V3 = 6 months: (a) systolic blood pressure (b) diastolic 
blood pressure.
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4.4.10 Bone turnover markers at 2 months and 6 months for the LCD, FV and
WM groups: adjusted for Baseline characteristics
Bone turnover markers for each group at 2 and 6 months (adjusted for baseline 
characteristics) are presented in Table 4.24. Mean urinary Cr values increased at 2 
months and 6 months in both the LCD and F&V groups. This observation was initially 
seen in the WM group; however, Cr values decreased at 6 months. At 2 months, the 
LCD group had the highest Cr levels (12. [6.7] mmol) followed by the WM group (11.4 
[7.2] mmol), the F&V group had the lowest Cr levels (11.8 [5.6] mmol). There was an 
initial rise in mean PYD/Cr followed by a decline in both the LCD and F&V groups. 
There was a continual increase from baseline through to 6 months in mean PYD/Cr in 
the WM group. At 2 months the WM group had the highest levels of PYD/Cr (19.2 [8.0] 
nmol/mmol), followed closely by the F&V group (19.0 [4.2] nmol/mmol). The LCD 
group had the lowest PYD/Cr levels (18.7 [3.1] nmol/mmol). A similar observation was 
observed again at 6 months for the LCD group (16.3 [1.6] nmol/mmol), however the 
WM group had the highest PYD/Cr levels (22.2 [13.8] nmol/mmol), while the F&V 
group had levels slightly above the LCD group (16.9 [3.6] nmol/mmol). A similar trend 
was observed for DPD/Cr values with respect to the initial rise and eventual decline in 
both the LCD and F&V groups. Again, there was a continual rise in mean DPD/Cr in the 
WM group with time. At 2 months, values were very similar for mean DPD/Cr, there 
were modest differences at 6 months for the LCD and F&V), with the WM group having 
slightly higher values. PYD/DPD values remained stable across the time-points in the 
WM group. A similar observation was observed in the LCD group, with a slight 
decrease in mean values at 2 months. Flowever, there was a step-like decline in 
PYD/DPD values in the F&V group throughout the duration of the study. CTx values 
increased at both time-points in the LCD group. In the WM group, mean CTx values 
remained relatively stable initially, though a slight increase was shown at 6 months. A 
modest increase in CTx values was observed in the F&V group (see Figure 4.25). There 
was an increase in P1NP in the LCD group at each time-point. In the F&V group mean 
P1NP values increased between baseline and 2 months, but there was a decrease in
227
values at 6 months. P1NP values remained moderately steady over the 6 months period 
in the WM group, though there was a slight decrease at 2 months (see Figure 4.26).
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Figure 4.25 Changes in CTx throughout the study in the LCD, F&V, and WM 
groups.
Error bars represent SEM
Results from Paired t tests within groups; *** value significantly different from 
baseline (P <0.001); $ Value significantly different from 2 months (P<0.01); 
f  Value significantly different from baseline (P<0.05).
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Figure 4.26 Changes in P1NP throughout the study in the LCD, F&V and WM 
groups.
Error bars represent SEM
Results from Paired t tests within groups; *** value significantly different from 
baseline (P <0.001); ± value significantly different from baseline (P<0.01).
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4.4.11 Estimates of dietary acidity using P R A L Sh0rtened> protein:K and NAEindirect
at 2 months and 6 months: adjusted for Baseline characteristics.
Estimates of dietary acidity for each group at 2 and 6  months (adjusted for baseline 
characteristics) are shown in Table 4.25. A comparison of the mean PRALSh0rtened values 
for the LCD showed a clear increase in acid load of 19.2 mEq/d between baseline and 6  
months (P<0.05). Conversely, PRALShortened values in the F&V group significantly fell 
from 9.0 mEq/d to - 1.5 mEq/d over the 6  month period (P<0.05). Similarly, there was a 
non significant reduction in PRALSh0rtened values in the WM group during the same 
period. Furthermore, there were significant differences between quartiles and within 
time-points at 6  months for each of the groups (P< 0.001).
Dietary acidity estimated using the protein:K algorithm showed similar observations 
with significant increases in the LCD group between baseline and 6  months (P<0.05). 
Conversely, there was a significant drop observed in dietary acidity from baseline to 6  
months in the F&V group (P<0.05). The dietary acid load of the WM group remained 
relatively stable throughout the duration of the study, yet there was a slight reduction in 
estimates of PRALSh0rtened at 6  months. There was a significant difference between 
quartiles and within time-points at baseline and 6  months for each of the groups 
(P<0.05 to P< 0.001) (see Figure 4.25).
Increasing estimates of dietary acidity as measured by NAEindirect in the LCD group was 
evident at 6  months (a change of 16.8 mEq/d from baseline values). Conversely, there 
was a consistent drop across time-points in both the F&V and WM groups with a 
significant difference between baseline and 6  months in the F&V group (P<0.05) (see 
Figure 4.26).
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Figure 4 .27  Mean differences in dietary acid as estimated by P R A L sh0rtened between 
groups and at different time-points.
Error bars represent SEM
Results from Paired t tests within groups; f  Value significantly different from baseline (P<0.05).
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Figure 4.28 Mean differences in dietary acid as estimated by protein:K between groups 
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groups and at different time-points.
Error bars represent SEM
Results from Paired t tests within groups; fValue significantly different from baseline 
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4.5 Discussion
To the best of my knowledge, this is the only study looking at the effects of a short­
term (6-months) regime of three different groups i.e. a high fruit and vegetables diet, a 
low carbohydrate diet and a weight maintenance control diet on estimates of NEAP 
and by bone turnover markers. This study was designed to test the hypotheses that 
subjects consuming food groups known to be alkali producing i.e. fruits and 
vegetables (rich in K salts) will have lower dietary acid loads by estimates of NEAP 
using the algorithms detailed in the methods section (chapter 2.3). On the contrary,
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those participants consuming a diet rich in animal protein (meat, fish, eggs, cheese and 
nuts) and low in base generating foods (fruits and vegetables including salads etc) will 
have higher dietary acid loads due to the high levels of protein and P and lower 
potential for alkali dietary components using the aforementioned formulae.
The diets adopted by earlier civilizations were said to be high in animal produce, 
however they consisted of a surplus of base constituents which had a neutralizing 
effect (Sebastian et al, 2002). It is well documented in the literature that after the 
introduction of agriculture and animal husbandry, alkali-rich fruits and vegetables 
were further replaced by net acid producing animal foods and cereal grains. Indeed, 
the Western diet in general is acidic, particularly in societies where meat eating is 
prevalent and refined carbohydrate consumption is common practice. The daily net 
acid loading of present Western diets average somewhere between 50-100 mEq/d 
(Remer & Manz, 1994; Lemann, 1999).
As a result, conditions of chronic, low-grade metabolic acidosis may develop, which 
in the long term, could considerably contribute to impairments of numerous bodily 
functions, the effects of acid loading being the best studied in the bone health field.
4.5.1 The effect of weight reduction on bone loss
Even though weight loss was not a primary objective of the study, it is a known fact 
that such dietary modifications, by there very nature will lead to weight reduction. 
This has very important consequences for bone health as a low body weight is 
associated with a reduction in bone mass (Shapses & Cifuentes, 2004) and an 
increased risk of fractures (Espallargues et al., 2001). A moderate weight reduction of 
-10% is associated with reduced bone mass (Compston et a l,  1992) Conversely, 
obesity is associated with increased bone mass (Felson et al., 1993) and reduced bone 
turnover due mainly to the mechanical strain applied on the bone (Papakitsou et al., 
2004; Cifuentes et al., 2003). To investigate this phenomenon a control group (WM 
group) was recruited in order to further investigate the effect of weight maintenance 
on bone turnover. As was expected there were significant weight loss in both the F&V 
and LCD groups throughout the study duration as illustrated in Table 4.6 and Figure
4.2 and Table 4.10 and Figure 4.9 (the latter results section was adjusted for baseline
237
characteristics). Even though there was significant weight loss in both groups over the 
6 months period (~ 8.9 kg in the LCD group), the contribution of weight loss alone on 
bone loss in the two groups is difficult to ascertain. A similar observation (see Table 
4.18 and Figure 4.16) as observed in those participants who were deemed to have 
adhered to the diet (Analysis Per Protocol).
Interestingly, studies have demonstrated that a high Ca intake suppresses the loss of 
bone in weight-stable peri- and post-menopausal women. (Dawson-Hughes et al., 
1990; Reid et al., 1993). However, in both groups the participants were replete. 
Therefore, this would offset some of the negative effects associated with weight loss.
4.5.2 The effect of the different diets on blood pressure
There were significant differences in both systolic and diastolic blood pressure at both 
2 months and 6 months in those participants who were deemed to have complied with 
the study protocol for both weight loss diets (see Figure 4.17 and Figure 4.22). 
Systolic and diastolic blood pressure fell in both the LCD and FV groups at 2 months 
{-9.21-1 A  mm/Hg, -9.7/-4.2 mm/Hg, respectively) and at 6 months (-11.5/-6.4 mm/Hg, 
-1.91-3.9 mm/Hg, respectively). Interestingly, Appel and colleagues (1997) 
demonstrated that certain dietary patterns could favourably affect blood pressure in 
adults with average systolic blood pressures of < 160 mm Hg and diastolic blood 
pressures of 80-95 mm Hg. The DASH combination diet lowered blood pressure by 
5.5/3.0 mm Hg more than the control diet and in hypertensive subjects, the DASH 
combination diet lowered blood pressure by 11.4/5.5mm Hg. This reduction in blood 
pressure is comparable to the effects of antihypertensive drugs administered to those 
subjects with stage 1 hypertension. In the subjects without hypertension, the 
corresponding reduction was 3.5/2.1 mm (Appel et al., 1997). One main contributory 
factor for such reductions in blood pressure was that when the DASH diet was 
compared with the control diet, the nutrients Ca, Mg, and K were found at 
substantially higher levels (see also sections 1.11 and 4.5.4for further information 
about the DASH diet). Weight loss is a plausible factor that may have contributed to 
the reduction of blood pressure in the LCD group.
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4.5.3 Macro- and micronutrients intakes
The LCD used in this study was modified to try to encourage subjects to consume a 
diet which was as nutrient dense as possible whilst being low in carbohydrate. 
Furthermore, to compensate for the low nutritional quality a wide variety of lower 
carbohydrate fruit and vegetables were proposed to the participants. The percentage 
contribution of carbohydrate to energy decreased significantly when the LCD group 
commenced the diet, as would be expected with compliance to dietary advice provided 
in a professional setting. Consequently, the percentage energy derived from protein 
and fat increased modestly. However, considering the energy intakes it can be seen 
that the decrease in carbohydrate consumption was not compensated for by an increase 
in either fat or protein (see Table 4.9 and Table 4.11). This was also observed in those 
participants who were deemed to have complied with the diet as demonstrated in 
Table 4.20; and again when baseline characteristics were adjusted as seen in Table 
4.23. In the case of the F&V group, the diet was based on ‘The Balance of Good 
Health’. Participants were advised to choose food from each of the five food groups. 
The idea was that having a food from each of these groups ensured that each volunteer 
would obtain the correct balance of vitamins and minerals. Unsurprisingly, there was a 
noticeable decrease in fat consumption at both 2 and 6 months. Protein and 
carbohydrate intakes remained relatively stable for the duration of the study indicating 
that the reduced energy levels were predominately caused by the drastic decrease in 
consumption of heavy nutrient dense foods. The WM group were asked to follow 
there current habitual diet at the time of enrolment. However, some participants 
changed their diet as there was a marked decrease in protein intake at 6 months 
(P<0.05). This may be due to seasonal differences as some participants did notice a 
change in their food intake from winter through to spring. There were no noticeable 
changes in vitamin C levels in the LCD and WM groups, however there was an 
increasing trend for vitamin C levels (P=0.08) in the F&V group, and this is in 
accordance with adherence with the diet. It is plausible that the effects of dietary 
acidity may depend on Ca intakes, with higher intakes conferring a protective effect 
on the skeleton against perturbations in acid base homeostasis. Ca levels were clearly 
above the RNI for adults in this age group. In fact, Ca levels were the highest in the 
LCD group at ~ 1000 mg. There was a decrease in K levels in the LCD group, and this
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was despite the dietician’s (RH) recommendation to increase the intake of foods rich 
in K for the duration of the study. The F&V group showed a significant increase in K 
levels at 6 months (P<0.05-P<0.001); this is reassuring as it demonstrated compliance 
with the diet. Interestingly, K intakes decreased throughout the study in the WM 
group, this is possibly due to seasonal differences in the variety of fruits readily 
available.
4.5.4 Effect of dietary acidity on indices of bone turnover markers
High-protein-low-carbohydrate diets (HPLC) generate excessive amounts of acid due 
to the catabolism of sulfur amino acids. It has been postulated that the skeleton may 
respond to the increase in acid loading by releasing basic salts into the systemic 
circulation (Frassetto et al., 2000). Consequently, if high-protein intakes are not 
accompanied by sufficient intake of alkalizing minerals (coming predominately from 
fruit and vegetables), bone metabolism is suggested to be adversely affected 
(Sebastian et al., 2005). Participants following the LCD group showed a relatively 
stable PYD/Cr and DPD/Cr throughout the study. However, there was a positive 
increase initially; with the levels decreasing somewhat at 6 months. This was an 
expected finding as the LCD diet has been suggested to increase bone resorption. Both 
urinary markers of bone resorption initially increase in the F&V group, and this may 
be an important observation as the participant were possible being most compliant 
with the diet. However, the opposite effect was expected in this group. There was a 
decline in values observed at the 6-month time-point. Indeed, Macdonald and 
colleagues observed this trend in DPD/Cr in a recent study run over 24 months. 
Participants randomized to the high K citrate and the F&V groups had reductions in 
DPD/Cr at each time-point, but particularly at 3 months (Macdonald et al., 2008). 
PYD/Cr and DPD/Cr levels increased incrementally throughout the study in the WM 
group, the reasons behind this trend are unclear. The bone resorption marker CTx 
remained marginally constant for the first two months of the trial in the LCD and WM 
groups, though there was an increase in values observed at 6 months. CTx values rose 
modestly in the F&V group (see Table 4.12 and Figure 4.11 and Table 4.24 Figure 
4.25). Unexpectedly, there was an increase in the bone formation marker P1NP in the 
LCD group at each time point (PcO.001). There was an increase in P1NP at 2 months
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in the F&V group, however there was a significant reduction in values between 
baseline and 6 months (TcO.OOl) see Figures 4.5, 4.12 and 4.19). P1NP levels in the 
WM group remained relatively steady through the study. Repeated measures ANOVA 
revealed a clear trend, but there were no significant difference between time-points 
and treatment groups. Macdonald and colleagues gave an additional 300 g fruit and 
vegetables/d (~ 4 portions) to the participants following the F&V regime. However, 
this may not be adequate to see a positive influence on bone turnover .The subsidiary 
DASH 2 Trial provided 6 additional portions/day of fruit and vegetables (total average 
intake of 9.5 portions/d) over 8 weeks (DASH Diet). There was a significant reduction 
in bone turnover markers (OC (8-11%) and CTx (16-18%), P < 0.001) at all three Na 
levels (1,150 mg/d, 2,300mg/d, 3,450mg/d) (Lin et a l 2003). Such a regime was not 
considered reasonable in a long-term study where volunteers had to supply their own 
food. The regulation of acid-base homeostasis and its influence on BMD was 
dismissed in a study conducted by Prynne and colleagues (2006) as no association was 
found between fruit and vegetable intake and estimates of renal acid excretion in 
adolescents and older women. In the rat model Muhlbauer and co-workers (2002) 
demonstrated that the bone-sparing effect of vegetables in rats did not occur through 
an acid-alkali mechanism. Moreover, the types of fruit and vegetables eaten may have 
different levels of bioactive components that have bone specific actions.
4.5.5 Estimates of dietary acidity as measured by PRALshortened? protein:K and
N A E j n d ir e c t
As expected the LCD demonstrated a clear significant increase in acid load at 6 
months (P<0.05). However, it was observed that the LCD group had the most 
acidogenic diet at baseline, with a significant difference between groups (P<0.05). A 
similar observation was also seen with respect to the acid generating potential of the 
diet when baseline characteristics were adjusted for. Again, a similar trend was seen in 
the LCD group who had complied with the diet (P=0.06). One the other hand, 
PRALshortened values significantly fell in the F&V group over the 6 months (P<0.05). 
The observed PRALshortened values at baseline were similar to estimates of 
PRALShortened in the UK elderly population. There was an unexpected decrease in 
dietary acidity in the WM group, however this was a non-significant trend.
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Interestingly, PRALshortened values fell below zero indicating that the group as a whole 
were in negative acid load balance (see Figures 4.6, 4.13 and Figure 4.20). Again, 
there were similar findings when dietary acidity was estimated using the protein:K 
algorithm. This is to be expected as the PRALSh0rtened calculation model and the 
protein:K computational model are highly correlated (r = 0.84, PcO.OOl) as has been 
explained elsewhere (Frassetto et al., 1998). Increasing estimates of dietary acidity as 
estimated by NAEindirect was also evident in the LCD group (see Figures 4.8, 4.15 and 
Figure 4.22). Values were moderately above those of participants in the Irish 
population of the same age category (Gannon et al, 2005). Once more there was a 
consistent reduction in NAEindirect across time-points in the F&V group (P<0.05). 
Values at 6 months were below the estimated dietary acid load of Western populations 
(50 mEq/d). Furthermore, estimates of dietary acidity were also lower than those 
observed in a similar age group of the Irish males. There was a decreasing trend with 
respect to estimates of dietary acid load in the WM group.
4.6 Concluding remarks
This study demonstrated that the LCD and F&V diets were a successful means of 
weight loss, with the LCD demonstrating the greatest weight loss. Further research is 
necessary to elucidate whether the LCD and F&V diets have an effect on bone mass as 
measured by the gold standard (DEXA). Particularly as there is scientific evidence 
demonstrating that weight loss in the order of ~ 10% leads to bone loss, especially in 
Ca deplete populations. However, this was not the case for the volunteers in this study. 
There has been a lot of negative attention given to the use of HPLC diets in the past 
with regard to bone loss. Unexpectedly, this study demonstrated an increase in the 
bone formation marker (P1NP) in the LCD group at each time point (P<0.001). 
Interestingly, repeated measures ANOVA did not show a significant finding. As was 
expected, there was an increase in P1NP at 2 months in the F&V group, however there 
was a significant reduction in values between baseline and 6 months (PcO.OOl). The 
reason behind this observation remains unclear, but one explanation is that volunteers 
were clearly adhering to the diet at 2 months. Participants may have been less 
compliant at 6 months, which is understandable given the duration of the study.
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As expected the LCD demonstrated a clear significant increase in dietary acid loading 
at 6 months (P<0.05). The PRAL values significantly fell in the F&V group over the 6 
months (P<0.05). In summary, this study provided an insight into the acid-alkali 
generating potential of different diets. However, the bone turnover markers showed 
some intriguing results that warrants further investigation.
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5 Final Discussion
5.1 Introductory comments
Over the last decade, there has been renewed interest in the role that bone plays in 
acid-base homeostasis. Natural, pathological and experimental states of acid 
loading/acidosis have been associated with hypercalciuria and negative Ca balance. 
More recently, the detrimental effects of ‘acid’ generated by an occidental diet on 
bone mineral have been demonstrated (New, 2002a). Indeed, it has been suggested 
that long-term exposure to a diet that gives rise to excess generation of acid will 
results in a gradual release of alkaline salts from the skeleton (Wachman & Bernstein 
1968; Barzel, 1995). Population-based studies conducted have shown there to be a 
beneficial effect of fruit and vegetable/K intake on axial & peripheral bone mass and 
bone metabolism in both genders and across a wide range of ages (Macdonald et al., 
2005). However, results from a recent randomized placebo-controlled study performed 
by Macdonald and colleagues showed that supplementation with K citrate over a two- 
year period does not reduce bone turnover or increase BMD in healthy 
postmenopausal women (Macdonald et al, 2008). Furthermore, women in the group 
who received an additional 300 g (« 4 portions) of fruit and vegetables on top of then- 
habitual intakes did not show a positive outcome with respect to bone turnover 
markers or BMD.
There has been increasing interest in the effect of the Atkins diet (which is very low in 
fruit and vegetables) on health outcomes, yet few studies have examined the diets 
potential for having detrimental effects on bone health. Furthermore, with the 
development of methodologies for assessing estimates of dietary acidity, it is 
important to establish reference values for dietary acidity/alkalinity loading in the 
general population. Moreover, specific subgroups (e.g. the elderly) may be more 
vulnerable to disease states such as osteoporosis, skeletal muscle atrophy, and 
nephrolithiasis.
This PhD programme involved two key aspects: a population based study estimating 
the acid/alkaline generating potential of a nationally representation of the British 
elderly population using the NDNS dataset. The dietary acid load in a representative 
sample of Irish men and women aged 18-64 years was also calculated using the
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NSIFCS datasets. The algorithms PRAL (using both PRALoriginai and PRALshortened) 
and estimated NEAP (using protein:K algorithm and NAEindirect) were used for the 
analyses (see section 2.3 for explanations of each algorithm). The principal aim of the 
population based study was to estimate and characterize the acid/alkaline generating 
potential of the diet using the aforementioned computational models. The principal 
aim of the intervention study was to investigate the short-term (6-months) effects of 
three different dietary groups, i.e. LCD, F&V and WM on indices of bone health, 
namely bone formation and bone resorption markers. A subsidiary aim was to quantify 
the dietary acidity characteristics of the LCD versus the F&V weight loss groups 
versus and a WM control group using the abovementioned algorithms. An additional 
aim was to determine the effect of the different regimes on indices of bone health 
through the assessment of bone formation and bone resorption markers.
To the best of my knowledge, the present study is the first to give an insight into the 
acid generating potential of different population groups both in the UK and the island 
of Ireland. Such data provides us with a valuable observation of the current levels of 
estimates of dietary acidity. Furthermore, the intervention study examined over a 6 
month period the effect of a high acidity, weight reducing diet on markers of bone 
turnover
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5.1.1 Estimating dietary acidity intakes in the British population: key findings
Both the original PRAL calculation model (PRALoriginai) and the most recent 
computational model PRALShortened were initially used to estimate the dietary acid 
load categorized by gender and age groups. The mean (±SD) for PRALoriginai in this 
current study was 4.6 ± 8.9 mEq/d and 5.4 ± 9.7 mEq/d for PRALshortened- These 
values were slightly above that observed in another UK study conducted by New and 
colleagues (2004) in a population group of in 1056 pre-menopausal or peri- 
menopausal women aged 45-54 years (3.68 ± 10.51 mEq/d) (New et a l, 2004). 
However, the results from this present research are again somewhat higher than 
results from the EPIC-Norfolk cohort study (-4.77 mEq/d in men, and -7.61 mEq/d 
in women) (Welch et a l, 2007). To obtain a more precise measurement of the effects 
of food and nutrient composition on dietary acid load, the daily NAE was estimated 
using the NAEindirect algorithm. The mean (±SD) for NAEindirect in this present study 
(see Table 3.21) was 47.8 (10.7) mEq/d and is slightly lower than in a recent study of 
measured urinary acid excretion in a population of 400 elderly subjects (aged 55- 
75y) with a mean of 60.0 ± 27.0 mEq/d, (Rylander et a l, 2006), a value similar to 
previously reported measurements (Remer & Manz, 1994). Since this was a more 
northerly (Swedish) population of elderly, it may be that the higher acidity reflected 
the same differences in dietary patterns which account for our finding of the higher 
acid diets for Scotland and Northern England compared with London and Southern-Eastern 
England (P=0.01). A similar finding was observed by Frassetto and colleagues where they 
showed that Sweden had the lowest intake of vegetable to animal protein (Frassetto et al, 
2000).
5.1.2 Population-based study limitations
One potential problem when interpreting the original data set is under-reporting. This 
is a major problem with the use of self reporting dietary diaries, where under­
reporting of true habitual food intake, as well as changing the diet during the survey, 
is a frequent problem (Black et al, 1993). A further limitation of this study is the lack 
of information within the database on disease states, likely to be influenced by acid
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base balance such as bone health. Without such data, the degree to which greater net 
dietary acid intakes is a contributory factor in health problems in older population 
groups will remain poorly understood.
5.2 Preliminary analysis of the North/ South Ireland Food Consumption 
dataset
In a similar study, the acid-base-generating potential of the diet in a representative 
sample of Irish adults (n 1379) between the ages of 18 and 64 years was investigated 
(see Publications for abstract). Estimated NEAP remained constant across the age 
groups for both men and women, with women having slightly lower values for 
NAEindirect (PcO.OOl) and protein:K (PcO.Ol). Interestingly, estimates of NAEindirect 
and protein:K are relatively similar, an observation that Frassetto and colleagues 
reported in an earlier article (Frassetto et a l 1998) Estimates of NEAP in this Irish 
population are somewhat lower than those found in the British elderly population > 
65 years (Gannon et al., 2005). Higher consumption of fruit, vegetables and 
vegetable dishes was associated with a lower acid load indicative of the base- 
generating potential of fruit (P< 0.001) and vegetables (PcO.Ol). Conversely, an 
inverse relationship was seen with higher intakes of both meats and meat products 
impacting more on dietary acid load (P <0.001). Higher consumption of fish and fish 
products showed a weak association with NAEindirect but not protein:K. It can be 
concluded from the preliminary results that the aforementioned studies are in 
agreement with previous studies in that food groups do affect dietary acid loading, 
particularly foods such as fruit and vegetables (base generating) and animal protein 
foods (acid generating) (Tucker et a l 2001; New et al 2002a; Macdonald et a l 
2004). However, further analysis of the data is warranted to elucidate the effect of 
single food items and their acid/alkali potential in the diet regarding bone health.
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5.3 Effects of high acidity /high alkalinity weight reducing diets on indices of 
bone turnover markers: key findings
There is an increasing awareness surrounding the effect that diet may play on bone 
loss. There has been a lot of speculation regarding the impact that high-protein-low- 
carbohydrate (HPLC) diets provide excessive amounts of acid due to the catabolism 
of sulphur amino acids. It has been hypothesized that bone may respond by releasing 
basic salts into the systemic circulation (Frassetto et al., 2000). Consequently, if such 
HPLC diets are not providing sufficient intake of alkalizing minerals (found 
predominately in fruit and vegetables) bone metabolism may be adversely affected 
(Sebastian et al., 2005). Participants following the LCD diet in our study showed a 
relatively stable PYD/Cr and DPD/Cr throughout the study. However, there was an 
initial increase in PYD/Cr; yet levels decreased somewhat at the 6-month time-point. 
In a recent study, designed to detect an increase in bone turnover in participants 
following a strict low carbohydrate diet and a control diet (normal American diet 
without restrictions), Carter and colleagues (2006) found that there was no 
significant effect on bone resorption as measured by urinary NTx (UNTx). They also 
found no apparent effect on bone formation (BSAP) or alterations in overall bone 
turnover as measured by BSAP/UNTx. As cited in the paper, a potential limitation of 
their study was the short duration (3 months study) (Carter et al., 2006). It might be 
possible that significant changes in bone turnover could have developed if these 
patients remained on the diet for longer. However, it has been shown by significant 
changes in bone biochemical markers were routinely displayed at one month in 
previous osteoporosis therapeutic trials (Bettica et al., 1997). Interestingly, Reddy 
and colleagues (2002) showed that consuming a low carbohydrate, high protein diet 
for 6 weeks caused a significant increase in acid loading and a decrease in Ca 
balance. However, this study did not look at bone markers and it had limited subject 
numbers, therefore it is difficult to compare both studies.
There was an unexpected finding in the F&V group as both urinary markers of bone 
resorption increased at 2 months; however a decline in bone turnover markers were 
observed at 6 months. Indeed, Macdonald and colleagues observed this trend in 
DPD/Cr in a recent study during 24 months. Participants whom were randomized to 
the high K citrate and the F&V groups had reductions in DPD/Cr at each time-point, 
but particularly at 3 months (Macdonald et al., 2008). In the present study PYD/Cr
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and DPD/Cr levels increased at 2 months and again at 6 months in the WM group. 
The reason for this trend is not clear. CTx values remained relatively constant for the 
first two months of the trial in the LCD and WM groups, with an increase in values 
observed at 6 months. In the former group such an observation was expected. CTx 
values rose modestly in the F&V group (see Table 4.12 and Figure 4.11 and Table 
4.24 and Figure 4.25). Unexpectedly, there was an increase in the bone formation 
marker P1NP in the LCD group at each time point (PcO.OOl). There was an increase 
in P1NP at 2 months in the F&V group, however overall there was a significant 
reduction in values between baseline and 6 months (PcO.OOl). P1NP levels in the 
WM group remained relatively steady as expected throughout the study. Repeated 
measures ANOVA revealed a linear trend for P1NP and CTx, but there were no 
significant differences between time-points and treatment groups. Regarding the 
effects of fruit and vegetables on indices of bone health, Macdonald and colleagues 
gave an additional 300 g fruit and vegetables/d to the participants following the F&V 
regime. However, this may not be enough to see a positive influence on bone 
turnover (Macdonald et al, 2008). The DASH Na Trial supplied 9.5 portions of fruit 
and vegetables per day. There was a significant reduction in bone turnover markers 
(OC (8-11%) and CTx (16-18%), P < 0.001) (Lin et a l , 2003). Realistically, this 
level of fruit and vegetable consumption is very difficult to achieve in population 
groups. Prynne and colleagues (2006) also found similar findings to that of 
Macdonald et al.{2008), in that there was no association between fruit and vegetable 
intake and estimates of renal acid excretion in adolescents and older women (Prynne 
et al, 2006). Studies conducted in the animal model have also dismissed the 
beneficial effects of different vegetables and salads in relation to the acid base 
buffering capacity of bone. In the rat model, Muhlbauer and colleagues (2002) 
demonstrated that the bone-sparing effect of vegetables in rats did not occur through 
an acid-alkali mechanism. Moreover, the types of fruit and vegetables eaten may 
have different levels of bioactive components that have bone specific actions 
(Muhlbauer et al, 2002). Despite such findings, there are still a lot of scientific 
studies demonstrating the effects of dietary intakes on acid base balance and bone 
health.
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5.3.1 Limitations of the intervention study
A potential limitation of this study and that of similar studies, is that weight loss 
itself has been associated with increased bone loss. (Shapses & Cifuentes, 2004). 
There was significant weight loss in those subjects on the LCD and F&V diet 
compared with the control group. Another potential problem is compliance to the 
study. Even though participants were advised to eat 9 portions of fruit and vegetables 
per day, some subjects reported that they had difficulties reaching this amount 
everyday. This was despite a lot of encouragement and regular follow-up by 
telephone and email from the dietitian/nutritionist (AH and RG). The additional 
health benefits associated with fruit and vegetables, may be confined to people who 
eat few or no fruit and vegetables. Because of the nature of the F&V weight loss 
study, it was obvious that the majority of the participants had a preference to fruits 
and vegetables as apposed to wanting to participate on the LCD. That is why it 
would not be practical to randomized volunteers to a particular dietary regime.
5.4 Areas for further research
The modem diet is generally believed to be vastly different to that which early 
civilisations once consumed (Eaton & Konner 1985). Estimates of the dietary content 
of pre-agricultural man suggest intakes of Na to be 600 mg/d and K to be at levels 
reaching 7000 mg/day, compared with intakes of Na and K at levels of 
approximately 4000 mg/d and 2500 mg/d respectively in the UK, USA and Australia 
(Gregory et al. 1990; Patterson et al. 1990).
It is also important to note that the positive associations found between fruit and 
vegetable consumption and bone may be due to some other, yet unidentified ‘dietary’ 
component rather than alkali-excess effect (Oh & Uribarri, 1996). It is quite possibly 
that there are pharmacologically active compounds in foods which need to be further 
explored (Muhlbauer et al. 2002). Interestingly, data from studies in rodents have 
shown a positive effect on bone with single polyphenolic components of fruits and 
vegetables such as quercetin and rutin from onions, resveratrol from red wine and 
isoflavones from soy (Horcajada-Molteni et al., 2000; Maeda T et al, 2003; Liu et 
al., 2005). Furthermore, hesperetin and its metabolites found predominately in 
orange rind and pith have been shown to have a role in the prevention of
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ovariectomy-induced bone loss in female rats (Horcajada et al., 2008). All the 
aforementioned compounds are said to act independently of acid base balance. 
Another growing area of interest with respect to bone health is the consumption of 
mineral waters in humans. Generally speaking some mineral waters are 
recommended because of their high Ca levels. Indeed, some studies have shown 
quite convincingly that the absorption of Ca from such mineral waters is as good as 
that of milk (Couzy et al., 1995). Furthermore, there is evidence from several studies 
to show good bioavailability of Ca in high-Ca mineral waters, but the studies were 
conducted using a variety of laboratory techniques (Heaney, 2006). Moreover, the 
long-term effect of Ca in mineral water on bone resorption was also demonstrated by 
a controlled study in women who were Ca deplete (Meunier et al., 2005). Such a 
positive result was possibly expected because any form of Ca supplementation in 
subjects with low Ca will lead to enhanced Ca absorption, and thus improved bone 
metabolism.
Furthermore, it is important to consider available mineral waters rich in bicarbonate 
as such beverages have been shown to be beneficial to bone health because they are 
an important alkali source (Burckhardt, 2008; Wynn et al., 2008; Wynn et al., 2009).
5.4.1 Further studies required to estimates dietary acidity/alkalinity on bone 
health
Future research should focus attention on longer-term intervention trials centred 
specifically on fruit & vegetable intake/alkali administration as the supplementation 
vehicle. The assessment of a wide range of bone health indices, including fracture 
risk as well as experimental studies (at both the cellular, animal and human level) to 
determine what other aspects of fruit & vegetables may be beneficial to bone 
metabolism are warranted. It would also be helpful to re-analysis existing dietary: 
bone mass/metabolism datasets to look, in particular at the impact of ‘dietary acidity’ 
on the skeleton. The relationship between net endogenous acid production and 
skeletal integrity, and in particular, whether very high protein intakes are detrimental 
to the skeleton in the absence of Ca/alkali-forming foods needs further investigation. 
Moreover, intervention studies looking at high fruit and vegetable consumption with
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respect to bone turnover and bone density (using DEXA as the gold standard 
measurement) in different population groups is warranted.
5.4.2 Protein and amino acid profile
There is controversy with regard to the level and quality of protein consumed by 
different population groups. Therefore, it might be prudent to suggest re-analysis of 
existing nutrition and bone health datasets to focus specifically on the effect of 
protein:K ratios and protein:Ca ratios on indices of bone health. It may be that in the 
absence of sufficient dietary alkali to neutralize the protein-derived acid, net Ca loss 
ensues and the anabolic drive of dietary protein on the bone matrix is ineffective in 
maintaining BMD.
An important area of future research will be to examine the amino acid profile of 
food with particular reference to the sulphur amino acids cysteine and methionine. 
The values used to calculate PRAL are based on textbook values, an average content 
of 2.4 % methionine and 2 % cysteine is assumed from total protein. There is also a 
need to measure the contribution of some amino acids that consume H+ ions 
(glutamate and aspartate). The metabolism of the OAs namely acetate, citrate and 
malate need to also be further investigated for there role in acid base balance. 
(Halperin, 1982).
5.5 Questions for further research
There is much opportunity for further work in this exciting area of estimating, and 
understanding, the effects of dietary induced acid-alkali load with particular 
reference to bone. There are still research questions, which as yet remain 
unanswered:
> Which model for estimated NEAP (NAEindirect or protein:K) is most 
predictive of actual renal net acid excretion?
> Should Ca be included in NAEindirect estimates of renal net acid excretion, 
reflective of dietary acid generating potential?
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> If one or both of the computational models are suitable for use in the clinical 
and public health setting, what is the ideal estimated NEAP range for 
reducing the risk of disease from excess dietary acid intake?
> If ideal ranges for estimated NEAP were established, would they have to be 
based on age or body surface area, given that people are of different height 
and weight, despite being of the same age. The current model uses BSA (a 
function of weight and height) as part of the prediction of net renal acid 
excretion.
> Should ideal ranges for estimated NEAP be even more stringent for children 
than for adults in order to reduce the possible detrimental effects on growth 
that have been observed in dietary induce chronic acidosis?
> Does the current estimated NEAP model need modification in order to 
become more universally applicable to the general population, given that the 
current model is based on linear regression equation specific to the population 
it was developed for?
> If estimated NEAP can be used to guide dietary manipulation that decreases 
the dietary acid generating potential, what dietary modification is best to 
achieve this; previously decreasing excess protein intakes and encouraging 
greater consumption of fruit and vegetables has been advocated in order to 
achieve reduced dietary acidity and neutralize protein induced dietary 
acidity?
5.6 Concluding remarks
There has been a plethora of studies heralding the significant advancement in our 
understanding of the impact of human nutrition on acid base homeostasis. Moreover, 
a few recent population based studies have demonstrated that perturbations in acid 
base balance have negative effects on health and disease outcomes. It is a concern 
that otherwise healthy adults are maintaining a state of chronic, low-grade metabolic 
acidosis that becomes more pathogenic with advancing age (Lemann, 1999; Cordain 
et al., 2005).
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South East Multi-Centre Research Ethics Committee
Kent & Medway Strategic Health Authority 
Preston Hail 
Aylesford 
Kent 
ME20 7NJ
Tel: 01622 713 106 / 01227 831 662 
Fax: 01622 885 966 / 01227 831 662 
OG Email: iane-martin@stmrec.fsnet.cc.uk
liz .h iider@ viro in .net
Dr Susan Lanhan-New 
Reader in Neutrition
Schooi of Biomedical and Molecular Sciences 
University of Surrey 
Guildford 
GU2 7XH
Dear Dr Lanhan-New
Study tide: A randomised trial investigating the effects of a low carbohydrate
weight toss regime on cardiovascular risk factors in men; Fruit and 
Vegetable Intervention Study 
REC reference: MREC 03/01/122
Protocol number: Version 1, 30-01-06
EudraCT number: N/A
Amendment number: 3 
Amendment date: 30-01-06
Thank you for submitting the above amendment, which was received on 28th February 2006.
Jt is noted that this is a modification of an amendment previously rejected by the Committee 
(our letter of 24th February 2006 refers).
The modified amendment has been considered on behalf of the Committee by the Chair. 
Ethical opinion
I am pleased to confirm that the Committee has given a favourable ethical opinion of the 
modified amendment on the basis described in the notice of amendment form and supporting 
documentation.
Approved documents
The documents reviewed and approved are:
• Letter from Dr Lanham-New, dated 27* February 2006
• Notice of Substantia! Amendment, dated 27* February 2006
• WM Volunteer Poster, Attachment 9. dated 30/01 /Q6 -  Revised & received 27/02/06
• WM Volunteer Health Questionnaire, version 1, dated 30/01/05 -  Revised &
Received 27/02/06
• Fruit & Vegetable Protocol, version 2, dated 10/08/04
• V&F Introduction letter, version 1, dated 01/02/2006
• Volunteers information Sheet, version 2, dated 10/08/04 
« GP information Sheet, version 1, dated 01/02/2006
The Centre! Office for Research ethics Committees is responsible for the 
operations! management o f Muiti-zentre Research ethics Committees
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• WM Introduction Letter, version 1, dated 01/02/2006 
« WM Volunteers Information Sheet, version 1, dated 30/01/06 
» WM Volunteer Consent Form, version 1 . dated 30/01/06
Membership of the Committee
The members ofthe Ethics Committee who were present at the meeting are listed on the 
attached sheet.
Research governance approval
All investigators and research collaborators in the NHS should notify the R&D Department for 
the relevant NHS care organisation of this amendment and check whether it affects research 
governance approval of the research.
Statement of compliance
This Committee is recognised by the United Kingdom Ethics Committee Authority under the 
Medicines for Human Use (Clinical Trials) Regulations 2004, and is authorised to carry out 
the ethical review of clinical trials of investigational medicinal products.
The Committee is fully compliant with the Regulations as they relate to ethics committees 
and the conditions and principles of good dinicai practice.
The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees (July 2001) and complies fully with the Standard Operating 
Procedures for Research Ethics Committees in the UK.
f  MREC 03/1/122: Please quote this number on all correspondence
Yours sincerely
Miss Liz Hilder
Committee Co-ordinator, South East MREC
E-mail: liz.hiider@virqin.net
Copy to: Valerie Mason, British heart Foundation, 14 Fitzharinge Street, London, W lH
4DH
Clinical Trials Unit, MHRA
The Centra/ Office for Research Ethics Committees is responsible for the 
operational management o f Multi-centre Research Ethics Committees
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Ethics Committee
10 January 2007
■ Dr Susan Lanham-New 
Reader in Nutrition 
S BM S
Dear Dr Lanham-New
A randomised trial investigating the effect of low carbohydrate weight loss regime on 
cardiovascular risk factors in men (EC/2003/88/SSMSi - Amendment
i am writing to inform you that the Chairman, on behaif of the Ethics Committee, Has 
considered the Amendments requested to the above protocol and has approved them on 
the understanding that the Ethical Guidelines for Teaching and Research are observed.
Date of confirmation of ethical opinion: 24 December 2004
Date of approval of amendment to protocol: 11 January 2007
The list of amended documents reviewed and approved by the Chairman is as follows:-
Document I Date
Your Letter Requesting Amendments i 17/12/2006
Amended Protocol 17/12/2006
Yours sincerely
J Catherine Ashfaee (Mrs)
Secretary, University Ethics Committee 
Registry
cc: Professor T Desombre, Chairman, Ethics Committee
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Appendix 3
Investigating the effects of a low carbohydrate weight loss regime on 
cardiovascular risk factors in men
Bone Health Supplementary Study; Fruit & Vegetable Intervention 
Study- Information for volunteers
The above study will investigate the impact of a high fruit and vegetable diet on 
weight loss and bone health. To make the most of your participation in this trial, we 
would like to ask if you would be prepared to allow us to use some of your blood 
sample as well as provide us with a sample of urine on each visit so that we can 
investigate the impact of a high fruit and vegetable diet on markers of bone turnover.
Guidelines for weight loss for Men
Food Groups
• The Balance of Good Health - shown below as a plate -  describes the food we eat 
and can be divided into 5 food groups, having some food from each of these 
groups ensures we obtain the correct balance of vitamins and minerals. The 5 
food groups are:
1. Fruit & Vegetables
2. Starchy Foods
3. Milk & Dairy Foods
4. Meat, Fish & Alternatives
5. Fatty & Sugary Foods
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Food Standards Agency. 2001
The diet we are asking you to follow is calorie controlled which has been designed to 
be:
• High in fruit and vegetables and low in fat and salt 
This will enable you to lose approximately lib per week in weight, without going 
hungry.
You are asked to stick to this diet for 6 months. It will help you achieve your goals 
for weight loss.
Serving Size Guide & Meal Plan
Your dietitian will work out what plan suits you the best however this will
usually be 1800 kcals/day.
Food Group 1500 kcals 1800 kcals Your Individual 
Plan ( ) kcals
Fruit or Vegetable 
Boost drink
1 1
Starchy Foods 5-6 6-7
Fruit 4 4
Vegetables 4 4
Meat, fish & 
alternatives
6 7
Milk & dairy 2-3 2 y2 -3 Fa
Fats 2 3
Extras(alcohol/snacks 
/occasional foods)
50 kcals 100 kcals
These portions can be distributed throughout the day in any way you 
choose.
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Eating and drinking regularly throughout the day will prevent you from getting 
too hungry and overeating.
Meal Plan 
Breakfast
2 starchy portions plus 1 dairy portion (6 tablespoons of cereal with 200 
skimmed milk)
1 fruit portion (a banana or 1 slice melon or a handful of raisins)
‘Fruit Boost’ drink (200ml)
Light Meal
2 starchy portions (2 slices of bread or 6 ry vitas) +
2 meat, fish & alternatives portions (2 slices of lean 
1 fat portion (1 tablespoon salad cream) +
1 portion of vegetables (1 bowl of salad) +
1 milk & dairy portion (1 low fat yoghurt) +
1 portion of fruit (2 plums) 
tea or coffee
Main Meal
2 starchy portions (4 tablespoons rice +
4 meat & alts portions (112g / 4 oz chicken breast) +
3 vegetables portions (mixed vegetables, courgette, carrots, peppers, bean sprouts, 
spinach) + 1 fat portion ( 1 teaspoons of olive oil to stir fry meat and vegetables) +
1 fruit portion (3 tablespoons of tinned mandarins in natural juice) 
tea or coffee
Snacks
Use your allocated extras (see portion guide) daily or save them up during the 
week
mis semi -
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Some ideas fo r........
Approx 50 kcals snacks 
1 apple
6 fl oz skimmed milk 
1 plain biscuit
crudities (cucumber, celery, carrot) with 2 tbsp of salsa dip 
1 reduced calorie cup of soup
1 cup of low calorie hot chocolate
2 rice cakes (try the new flavours now available) 
a handful of raisins
1 packet of Weight Watchers Rice Sticks 
Zaps Fruit Bar (Lyme Regis Foods)
1 lunch box School bar (Fruit Bowl)
1 packet Sundora Fruit Bites 
1 packet Fruit flakes (Fruit bowl)
1 Fruit Leather Fruit Snack
If you have any questions or queries regarding this additional bone health study 
please feel free to contact Mr Richard Gannon (phone 01483 689716/ 
07838237665, email r.gannon@surrey.ac.uk.) Dr Susan New (phone 01483 
686476, fax 01483 576978 and email s.new@surrev.ac.uk). School of 
Biomedical and Molecular Sciences, University of Surrey.
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Appendix 4
Fruit and Vegetable Boosting Ideas.
5.6.1 Vegetables
5.6.2 Soups
o Basic vegetable soup: Make up a vegetable stock- place chopped celery, 
carrot, onion and leeks together with parsley sprigs, bay leaves and a few 
whole peppercorns in cold water, bring to boil and then simmer for 30 
minutes or save the cooking water from cooked vegetables
Fry a mixture of vegetables of your choice in a little oil (fats*), or 
try using a non­
stick saucepan, for a few minutes. Turn the heat down and allow to 
cook very gently
for approximately 10 minutes. Add vegetable stock (lpint to lib 
prepared vegetables),
season with black pepper and herbs of your choice. Simmer gently 
for 20-30 mins.
You can either puree the soup or leave the vegetables in chunks 
(you may find this seems more filling), 
o To make a more substantial meal try adding cooked chopped meat 
e.g. ham, chicken or add pulses e.g. add lentisl or split peas with 
the stock and simmer until tender or add cooked/canned chick 
peas or beans.
o There are numerous recipes for soups available in recipe books, 
try different types to prevent boredom e.g. chickpea, chilli and 
coriander, roasted vegetable, curried parsnip and apple, red 
pepper and sw eet potato etc.
Stir-fries
o Stir-fry a mixture of vegetables in a small amount of oil (fats*) or 
dry fry in a non stick pan serve as a side dish, 
o Stir fry a mixture of vegetables with some m eat/fish and
alternative foods from your allowance e.g. beef, chicken, prawns, 
serve with pasta, rice etc from your starchy food allowance.
Roasted vegetables
o Toss a mixture of root vegetables e.g. onion, carrot, swede, 
parsnip, turnip, in a little olive oil (fats*). Try adding fresh
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chopped herbs e.g. rosemary, thyme, sage and garlic. You may like 
to add sw eet potato/ small new potatoes from your starchy 
allowance. Serve with chicken, meat etc
o Substitute root vegetables for a mixture of Mediterranean style  
vegetables e.g. red/yellow/orange peppers, red onion, courgettes, 
tomato, aubergine and add fresh basil. Serve as a side dish e.g. 
with grilled/baked fish or add fe ta /  mozzarella or parmesan 
cheese from your dairy allowance and serve with pasta, couscous 
etc from you starchy allowance.
Vegetable stews
o Ratatouille: Saute a mixture of Mediterranean style vegetables as 
above in a little olive oil (fats*). Cover and simmer gently until 
cooked. Serve as a side dish or use to top a baked /sw eet  
potato/pasta (starchy*). Add a sprinkling of parmesan (dairy*) etc  
if desired.
o Spicy chickpea and vegetable stew: Gently fry a mixture of onion, 
carrot, courgette, red pepper, aubergine in olive oil (fats*), add 
garlic and a mixture of spices e.g. 2tsp cumin, \  tsp chilli and 
ginger. Add tinned/fresh tomatoes or tomato puree and vegetable 
stock-see above (may not need if using tinned tomatoes) and 
tinned chickpeas (or other beans). Serve with couscous or rice 
(starchy*).
o Vegetable curries, substitute meat for extra vegetables, add 
pulses or vegetarian protein e.g. tofu if desired. Serve with rice or 
naan bread (starchy*).
Meat casseroles
o When making any casseroles/stew s/m ince/curries etc add extra  
vegetables to the sauce e.g. add peppers, celery, carrot and 
mushrooms to Bolognese sauce.
Salads
o Use as side dish or main course.
o Tomato and mozzarella: slice several tom atoes-try using a mixture 
of varieties, add mozzarella cheese- (dairy*) sprinkle with black 
pepper, fresh basil and balsamic w'megar.
o Greek: generous serving of cucumber and tomato with fe ta  cheese  
(dairy*), olives, red onion. Add dressing made with lemon juice and 
olive oil (fats*).
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o Nicoise: Lettuce, cooked green beans, tomato, cucumber add 
boiled egg and tuna fresh, cooked or tinned in spring water, 
drained, anchovy-try fresh (meat, fish alternatives*) and boiled 
new potatoes (starchy*), 
o Mixed salad: Use as many vegetables as you like e.g. lettuce-try  
different varieties of mixed leaves, tomato, cucumber, grated 
carrot, radish, spring onion, raw courgette, pepper, mushroom, 
cabbage, celery etc add dressing (fats*). Service  with cold or 
cooked m eats/fish/chicken/prawns. Try sprinkling with a few nuts 
and seeds if desired (meat, fish, alternatives*), 
o Coleslaw in reduced fa t dressing (fats*). Serve as a side dish or 
use to top a baked potato (starchy*).
Breakfast ideas
o Grilled lean bacon and egg (meat, fish, alternatives*) fried in oil 
(fats*) with grilled mushrooms and tomatoes, 
o Omelette (meat, fish alternatives*) filled with saute (fats*) 
mushrooms/ peppers/onion or cooked spinach etc. 
o BIT: 2 slices bread (starchy*), handful of lettuce, 1 large sliced 
tomato, 2 grilled slices of lean bacon.
Other ideas
o S tuffed  mushrooms: s tu ff with Stilton cheese (dairy*) or bacon, 
onion and breadcrumbs. Bake in oven, 
o Garlic mushrooms: add crushed garlic to a little olive oil (fats*) 
and toss with mushrooms. Bake in oven, 
o S tu ffed  peppers: Halve pepper, remove seeds, add cherry tomato, 
sliced garlic, plus either chopped anchovy (meat, fish, 
alternatives*) or sliced mozzarella (dairy*), and toasted pine nuts 
(meat, fish, alternatives*), sprinkle with olive oil (fats*) and fresh  
basil. Roast in oven, 
o Crudite-serve sticks of carrot, celery, baby sweetcorn,
red/yellow/orange peppers, mushrooms, cauliflower with low fa t  
hummus (meat, fish and alternatives*), salsa (try d ifferent types), 
cottage cheese (dairy*), low fa t so ft  cheese (dairy*), low fa t  
guacamole, ratia (dairy*) etc. 
o Cauliflower/broccoli cheese. Boil vegetables make up sauce using 
semi/skimmed milk, some of the vegetable water and a little 
cornflour to thicken. Add strongly flavoured cheese e.g. mature
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cheddar, Stilton (dairy*). Try adding onions and mushrooms. Serve 
with crusty bread (starchy*).
Fruit
Breakfast ideas
o Add blueberries (or other berries) to porridge (starchy*) just 
before the end of cooking. Serve with milk (dairy*), 
o Add stewed eating apples (no added sugar) to porridge (starchy*).
Serve with milk (dairy*), 
o Top breakfast cereals with sliced banana/ other fresh fruit of 
choice/prunes/tablespoon of dried fruit, 
o Fruit salad with low fa t Greek yoghurt (dairy*) with or without a 
sprinkling of muesli (starchy*).
Other meals
o Add fruits to savoury dishes e.g. serve apple or apricots with pork, 
add mango to chicken dishes, add fresh or dried fruit to salads 
e.g. tomato with nectarine, fig and parma ham (remove fa t) etc.
Desserts
o Fruit salad-try making d ifferent types e.g. berry salad with
strawberries, raspberries, blueberries and blackberries; tropical 
salad with pineapple, mango, paw paw, kiwi and grape. Serve with 
low fa t yoghurt or fromage frais (dairy*).
o Hot fruit salad: Saute banana, mango, and pineapple in a little low
fa t spread. Add lemon juice and a dash of rum (if desired!). Serve 
with low fa t yoghurt or fromage frais (dairy*).
o Grilled Fruits: Prepare a mixture of fruits e.g. eating apples (cut
into 8), ripe pears (quarter), ripe plums (halve). Toss in lemon juice. 
Add segmented oranges (remove pith). Sprinkle with a small 
amount of sugar (try cooking without). Place under a hot grill for 
around 20 minutes, turning regularly until the fruit is slightly 
browned.
o Puree strawberries (or fruit of choice) stir into low fa t yoghurt or
fromage frais (dairy*).
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o Baked apple/pears/peaches bake in hot oven or grill until cooked, 
o Poached pears poach in fruit juice (or wine/ cider with added 
spices etc for something more special), 
o Barbequed fruits: wrap fru it e.g. banana, strawberries (add a little 
lemon zest and orange liqueur), figs (drizzle with a little honey and 
orange juice sprinkle with orange zest) etc in a double layer of foil 
and cook for 15 minutes on the barbeque. 
o Stewed fruit: gently cook fru it of choice (add a little water if 
necessary) until the  juices run add to yoghurt or fromage frais 
(dairy*) or to breakfast cereal e.g. porridge (starchy).
*Starchy, dairy, milk, fish, alternatives or fa ts  from daily allowance.
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Appendix 5
Low Carbohydrate 
Diet Study
Induction
Period
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Low Carbohydrate Diet 
Induction
Infrem ctim
The diet is normally comprised of carbohydrate, protein and fat with 
carbohydrate providing of the totd energy. When carbohydrate is
eaten it is converted into glucose to fuel the body.
If  carbohydrate intake is low an alternative fuel is needed for the body 
to function. Body fa t is broken down and used as energy thus fa t stores 
ore reduced ond weight loss occurs. This is what happens when a low 
carbohydrate diet is followed.
Whaf mil I  eat?
* Protein and fa t foods will be the main staples of your d iet
* Pore protein foods - fresh meat, fish, eggs and poultry may be eaten 
in unlimited amounts (see free foods)
* Oils (sunflower, olive, vegetable) and butter is allowed in unlimited 
quantities.
* A small amount of carbohydrate may be eaten. During the first two 
weeks (induction) this is limited to 20g of carbohydrate a day.
* This allows approximately 9oi /  250g of salad or 8oz /  UOg salad 
plus SOg oz /  3oz cooked vegetables from the below 10% carbohydrate 
list
* A\\ foods except pure protein and pure fats should: be carbohydrate 
counted to ensure the doily intake does not exceed the 2Qg allowed 
(see carbohydrate counter)
* To ensure your diet contains os many nutrients as possible use your 
20§ carbohydrate on vegetables mid salad.
* Choose vegetables with less than 10% carbohydrate os this will allow 
you to have a greater quantity.
What wit! I  need fa amd?
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« Bread, pasts, rice, groins, noodles and pasta and potatoes ore not 
allowed an this d ie t
* Any foods containing sugar or flour mast be abided (cakes, biscuits, 
chocolate, sweets, desserts)
* Fruit is too high in carbohydrate to be included whilst on the induction 
diet
* Protein foods which are processed (sausages, burgers, etc) should net 
be eaten unless the carbohydrate content is checked and included 
within carbohydrate allowance
* Dairy foods are not allowed except for cheese, cream and butter,
* Nuts and seeds need to be avoided for the first two weeks.
* Foods such as beans which contain both carbohydrate and protein 
should be avoided during the induction phase.
* Cough sweets and syrups, chewing gum, etc should be .avoided due to 
their sugar content.
* T ea, coffee and soft drinks containing eaf feine should be avoided.
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The following'
Free Foods 
:■ eo.ten liberally:
Meat Fish Fowl
Beef Cod Turkey
Park Haddock Chicken
Lamb Tuna goose
Bacon** Sole Duck
Ham** Salmon Pheasant
Venison Sardines Quail
Veal Trout
gammon
Shellfish
Mackerel
Prawns
Mussels*
Lobster
Scrambled
Fried
Poached
Crabmeat Boiled
Squid Omelettes
Oysters*
tons:
« Canned fish in tomato sauce
*Oysters end mussels are higher in carbohydrate than other shellfish so 
limit to 4  ©z a day
**Proce$sed meats such as bacon, ham, luncheon meat, salami, hot dogs, 
etc nwy have added sugar so check labels la check suitability
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Other Induction Foods
The f  ollowing feeds ere suitable in measured amounts during the induction 
period
Cheese
Cheddar 
Mozzarella 
Roquefort 
Stilton 
Coats cheese 
Cream cheese 
Condo 
Swiss
* As all cheeses have same carbohydrate content intake needs fa be 
limited to 90-ilQg (3-4oz) /  day (use carbohydrate counter f  or 
content of individual cheeses)
Herbs & Spices
411 spices to taste 
Fobs & Oik
411 vegetable ails (sunflower, ssfflower, alive, canoia, walnut, soybean,
sesame)
gutter
Beverages
Water
Decaffeinated tea or coffee (with cream, not milk)
Most diet, caffeine free fizzy drinks 
Herb tea
Cream (whipping or single) - use carbohydrate counter
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Vegetables & Salad
Sfilod
23Q-34Qg (8-12oz) per day
Lettuce
Celery
Cucumber
Radishes
Mushrooms 
Alfalfa sprouts 
Bak Choy
Chicory
Rocket
Vegetables 
!4D-200g (5-7oz) per  day if salad consumption is less than 230g (Boz)
Asparagus Leeks Artichoke
Runner beans Spinach Aubergine
Cabbage Courgettes Bamboo shoots
Cauliflower Tomato Bean sprouts
Aubergine Broccoli French Beans
Brussel sprouts Courgettes Kale
Mange-tout Onion Pumpkin
Check carbohydrate content and choose lowest carbohydrate vegetables 
to enable you to have morel
Ideas to garnish solcds
Crated cheese
Mushrooms sauteed In buffer or olive oil 
Sour cream 
Crispy bacon
Hard boiled egg- roughly chopped 
Sweeteners
* Sucrafose, saccharine, aspartame, acesulfase-K are allowed 
Abe....
I f  you feel you need to add variety to your diet you may have 10-20 
olives, half a small avocado, loz of sour cream or 3ez whipping cream and 
two-three tablespoons lemon/lime juice - Beware that these foods ore 
higher in carbohydrate.
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Menu
This is how
Breakfast: Scramble
Irecc
Lettuce, cucumber, celen
cooked with p riic  & onion
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Meal Ideas
Breakfasts:
Sacon & fried eggs 
Omelette (plain, cheese or ham) 
dippers 6 scrambled eggs 
Gammon & poached eggs 
Hem & Scrambled eggs
Sausage (low carbohydrate), bacon, eggs and mushrooms 
Lunches:
Serve with salad or vegetables and dressing if desired (use carbohydrate 
counter)
Roast chicken
Ham with or without cheese 
Con of corned beef
Crispy bacon ond/or cheese, grated or cubed 
Con of tuna with mayonnaise 
Con of salmon
Mackerel fillets in oil or chili dressing 
Omelette
Boiled egg (s) and crispy bacon 
Lamb-burger or cheese burger (see recipe)
Eggs benedict (see recipe for holfandaise sauce)
Dinners:
Serve with salad or vegetables and dressing if desired (use carbohydrate 
counter)
Meat loaf (see recipe)
Pork chops with cheese sauce (see recipe)
Roast chicken, lamb, pork or beef 
Marinated lamb chops {see recipe)
Chicken in white wine sauce (see recipe)
Omelette (cheese, ham, prawn)
Smoked salmon fritfafa(see recipe)
Whole trout, baked or steamed 
Poached salmon
Mixed grill (steak, lamb chops, gammon, bacon, pork chop, eggs)
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Helpful Hints
* Do not miss meals
* Eof nothing unless you KNOW Its allowed (check the carbohydrate 
counter or with your dietitian)
* Eat to your appetite. When hungry eat until satisfied
* Watch out for gravies, sauces which may hove cornflour added
* Drink plenty of water (at least 8 glosses a day)
* Plan meals in advance
* Keep yaur store cupboard stocked with canned sordines, pilchards, 
tuns, corned beef, etc
* Certain brands of hot d ap  ore carbohydrate free - keep handy for a 
gutck meal or snack
* Use frozen vegetables for ease
* Make batches of lamb-burgers and cheeseburgers and freeze
* Weigh out salad and vegetables for the day and keep in the fridge
* Make up small pats of sugar-free jel !y to have on hand
* Keep cubes of horn or cheese handy for snacking between meals
* Cook a pack of chicken drumsticks then refrigerate for snacks
303
Foods Portion
Size
Groms cf 
carbohydrate
Grams of 
digestible 
carbohydrate
Vegetables
Artichoke 1 13.4 6.9
Asparagus 6 3.8 2.4
Aubergim 135g 3.3 2.0
Been, French 6% 4.9 2.9
BroeeoM llOg 3.9 1.7
Brussel Spouts 6 10.9 7.6
Cabbage, green 60g 19 1.1
Carrot 1 7.3 5.1
Cauliflower 6 4.4 15
Celery 1 15 0.8
Courgette 1 5.7 3.3
Chilli Pepper 1 0.0 0.0
Cucumber, small 1/2 2.5 18
Endive 55g 1.8 0.4
Fennel 55g 3.2 1.8:
Greens, raked 80g 16 0.4
Kale 55q 3.7 2.4
Leek 1 12.8 11.0
Lettuce,, cos 75e 13 0,4
Lettuce round 75g 13 0.7
Mushrooms 55g 14 to
Okra llOg 7.5 5.0
Orion 1 9.5 7.5
Onions, spring 30g 1.8 1.2
Peas, green 75g 93 6.5
Peppers, green lOOg 4.8 3.4
Peppers, red IGOg 4.8 3.3
Potato, sweet 1 22.4 19.2
Potato, white lOOg 15.4 13.9
Pumpkin 55g 9.9 6.3
Radishes 6 1.0 a s
Spinach HOg 1.1 0.2
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Foods Portion
Size
Seems of 
carbohydrate
Srams of 
digestible 
carbohydrate
Vegetables
Squash, butternut 90q I0.B 7.9
Ssweetcom 70g I6q 14.1
Tomatoes,, tinned llQg 52 4.0
Turnips 90g 3.8 2.3
Watercress 20q 02 0.0
Fruit
Apple, medium 1 21.0 17.3
Applesauce 6Qq 6.9 6.2
Apricot, fresh 1 3.9 3.1
Apricots, dried 45g 24.9 21.3
Avocado 1 14.9 4.8
Banc no,, small i 23.7 21.2
Blackberries 35g 4,6 2.7
Cantaloupe 80g 3.3 3.0
Cherries 60q 4.8 4.2
Cranberries, raw 3Qq 3.0 2.0
Fit* 1 9.6 7.9
Orapes 40q 71 6.7
Noneydew Melon. 60g 3.9 3.6
Juice, apple 115ml 14.5 14.4
Juice, grapefruit 115ml 11.1 10.9
Juice, lemon 1 f bsp 1.3 1.3
Juice, orange 115ml 13.4 13.2
Juice, tomato 115m! 5.1 4.7
Kiwi 1 11.3 8.7
Mango 60q 7.0 6.3
Nectarine 1 16.0 13.8
Orange 1 16.3 12.9
Papaya 60q 3.4 2.8
Peach, medium 1 10.9 8.9
Pear, medium 1 251 21.1
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Foods Portion
Size
&rams of 
carbohydrate
Orams ©f 
digestible 
carbohydrate
Fruit
Pfeecpp'e 70g 4,8 43
Plum 1 8.6 7.6
Raspberries 3% 3.6 1.5
Strawberries 35g 2.7 LB
Tangerine 1 73 6.2
Watermelon 6Gg 23 2.6
Meet
Unless listed Qq Oq
Calf liver 170g 10.4 10.4
Beef salami 90g 2.4 2.4
Bscon, back 3 rashes 0.9 0.9
Oar lie sausage 60g 0.B 0.8
Fish /  Shellfish
Unless listed 0g %
Mussels 170q 8.4 8.4
Oysters 17% 12.5 12.5
DCC^ IDpS 170q 3.9 3.9
Squid 17% 7.0 7.0
Lobster 17% 2.2 2.2
Milk A Dairy
la tte r 6g 0.0 0.0
Milk chocolate 30g 16.8 15.8
Milk, semi-skimmed E30mls 11.5 11.5
Milk, full cream 230ml s 11.4 11.4
Cream, whipping 2 tbsp 0..8 0.8
Cream, soured 2 tbsp 1.2 1.2
Yoghurt, whole, plain 230ml 11.4 11.4
Cheese
Blue cheese, crumbled 2 tbsp 0,4 0,4
Cheddar, grated 2 tbsp 0.2 0.2
Cream cheese 2 tbsp 0.8 0.8
Feta, crumbled 2 tbsp 0.8 0.8
306
Foods Portion
Size
Srams of 
carbohydrate
firams of 
digestible 
carbohydrate
Cheese
Soots cheese 2tbsp 0.3 0.3
Mosesrpone cheese 3§g 0.6 0.6
Mozzarella, grated 2tbsp 0.3 0.3
Permessn, grated 2 tbsp 0.3 0.3
Rieofta 5% 1.9 1.9
Swiss (emmsnfhal), grated 2 tbsp 0.5 0.5
Fats /  Oils
Olive, vegetable, butter 0 0
Beans
Haricot IfOg 23.9 181
Block-eyed 11% 20.4 12.9
Soya Beans 110g 9.9 6.2
Chickpeas HOg 22.5 16.2
Hummus 2tbsp 6.2 4.6
Lentils tm 19.9 14.2
Red kidney beans HOg 19.8 11.6
Nuts & Seeds
/.limonds 2tbsp 3.6 1.4
Hazelnuts 2tbsp 2.8 1.2
Macadamia Nuts 2tbsp 2.3 0.9
Peanut Butter, no added sugar 2tbsp 6.9 4.8
Peanuts 2tbsp 3.4 1.8
Pecans 2tbsp 21 0.6
Pine nuts 2ibsp 2.4 1.7
Pistachio nuts 2tbsp 4.7 3.1
Pumpkin Seeds 2tbsp 3.1 2.4
Sunflower seeds 2tbsp 3.4 1.5
Cereals
Cornflakes I cup 24.2 23.4
Porridge Oats 50g 12.6 10.6
Puffed Wheat 15g 111 10.5
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Recipes
Omelette
2 eggs Fillings
2 tbsps water * Cheese
salt and pepper « Prawns
15g (1/2 cz) butter * Horn
^mteiLainbClwp5
2 tbsps olive oil 2 tbsp dry white wine
1 tbsp Worcestershire sauce 3 claves garlic, crushed
2 tbsp lime juice salt and pepper
2 tbsp soy sauce 1 lb lamb chops
L Mix all the ingredients In a bowl
2. Add the lamb chops and afiav/ to marinade forl5mins-i hour (in fridge)
3. Remove from marinade and grill until cooked
Serves 2.
L4g carbohydrate per serving
OackMinWhfeWlneSaiiee
2 tbsp butter 1/3 cup of chicken stock
|  cup dry white wi ne 2 chicken quarters /  breasts
juice of f  lime salt and pepper
1. Heat the butter m a pan and brown the chicken on bath sides
2. Add the wine, lime juice, chicken stock, salt and pepper
3. Bring fa the boil, cover and simmer until chicken is cooked
Serves 2
Ig per serving
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L4kg (3 lb} mince 0omb, beef or 3 tbsps fresh coriander or
!7Qg (6cz) cheddar cheese.2 tbsp chilli powder
3 eggs
3 cloves garlic
1 Preheat oven to 190 °€ (375 F/ gas mark 5)
2. Mix all the Ingredients thoroughly
3. Place in an oiled loaf tin and bake for 45 sins to 1 hour
Serves 6
ydrafe per serving
1 garlic clove, cr 
15g (I/2oz) batter 
450c (lib) minced lamb
15 ml (Itbsp) chopped 
! egg, beaten
1. Place lamb, garlic and parsley 
in a bowl
2. Add egg and mix well
3. Cut rashes in half
4. Divide Iamb mixture into 8 equal pieces
5. Shape into burgers, using dampened hands
6. Wrap a piece of bacon around the sides of burger
7. ©rill until brown on bath sides and cooked through
Makes E
Total carbohydrate: 2g 
Q.25g per burger
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C h e e s e  B u r g e ^
450g (lib) mirKed beef 
I garlic clove, crushed 
5m I (i fsp) dry mixed herbs 
IQOg (4az) cheddar cheese, grated 
1 egg, beaten
L Put all the ingredients in a bowl and mix well
2. Use dampened hands to shape mixture into 4 burgers
3. Chdl for 30 minutes
4. ©rill or fry far about 8-10 on each side until golden brawn and cooked 
through
Makes 4
Total carbohydrate: 2g 
0.5g carbohydrate per burger
Sauces aid Dressing^
Cheese Sauce
!?0ml (6f I oz) single cream 
75m! (21/2 fl oz) water 
340o (12oz) cheddar cheese, diced 
I teaspoon prepared mustard 
I teaspoon salt 
|  teaspoon paprika
Add all ingredients to a pan and heat over a low heat until the cheese has 
melted and sauce is smooth.
Makes 18 tablespoons 
Total carbohydrate: !0.8g
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Low Carbohydrate Diet 
On-Going Weight Loss
M ain p r in c ip le s
The on-going weight loss diet is a continuation of the  14-day 
induction diet but allows more carbohydrate
The diet continues to be low in carbohydrate to ensure your own 
body fa t  stores continue to be used for energy
Meals should be based on 'free foods', (as induction diet) with a 
small amount of low carbohydrate vegetables and salad. However 
small amounts of foods with a slightly higher carbohydrate 
content can be slowly introduced, (avocado, tomato juice, etc)
You will now be able to introduce; more salad and vegetables, 
nuts and seeds, berries. Also some wine and low carbohydrate 
spirits can be incorporated
Aim to have between 20-40g of carbohydrate a day. This may be 
increased to 60g per day depending on your weight loss.
The on-going weight loss stage continues until you near your ideal 
weight
Weight loss is likely to slow down as the rapid initial weight loss 
is partially water, however weight loss each week should be 
expected if you carbohydrate intake remains low.
Carbohydrate content of foods which can now be included
Each of the following contains ~5g of carbohydrate
Food Quantity
Almonds 24
Pecans 31
Cashews 9
Walnuts 14 halves
Macadam ia nuts 10-12
Peanuts 26
Sunflower seeds 3 tlbsps
Asparagus 8 spears
Red peppers llOg /4  oz
Cauliflower 75g /  2 i  oz
Broccoli 75g /  2 t oz
Tomato 1 medium
Spinach 340g /12 oz
Avocaco 12
Onion 40g /  t oz
Cottage cheese llOg /4  oz
Ricotta cheese 160g /5  j  oz
Lemon juice 60 mis /  2 f  1 oz
Lime juice 60 mis /2  f  1 oz
Tomato juice lOOmls /4  f  1 oz
Raspberries 23g /3 /4  oz
Blueberries 37g /  1 1 oz
Strawberries 60g /2  oz
Cantaloupe/honeydew melon 60g /2  oz
Meal Ideas fo r 'On-Going Weight Loss'
Continue to use the  meal ideas from induction but include a wider variety of 
foods within your meals. Here are a few more meal ideas to add;
Breakfast
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• Ham, avocado & tomato /cheese <& tomato omelette
• Sausage with bacon and eggs, mushrooms and tomato
• Kippers or smoked mackerel with scrambled eggs
• Scrambled eggs with smoked salmon and dill
With
85mls of tomato juice
Lunch
• Salad with ham, chicken or egg
• Steak and salad
• Tuna mayonnaise with avocado and salad leaves
• Hot dog sausages with cheese and tomato slices
• Salmon salad (see recipe)
• Broccoli F ritta ta  (see recipe)
• Eggs Florentine (see recipe)
• •§• avocado filled with blue cheese, mayonnaise and chopped celery
• Greek salad with olives, fe ta  cheese., red onion, tomato, cucumber
and olive oil
• Prawn cocktail made with mayonnaise and a little lemon juice
• Tinned fish, (mackerel, sardines, pilchards) with salad
Dinner
Serve all of the following with vegetables or salad of your choice
• Salmon with bearnaise sauce (see recipe)
• Chicken salad (see recipe)
• Coq au vin (see recipe)
• Chicken curry (see recipe)
• S tuffed peppers (see recipe)
• Mince or chicken strips cooked with garlic, chilli powder. Serve with
guacamole, salsa, sour cream, lettuce and grated cheese
• Gammon steak with mustard or cheese sauce
To follow
• No added sugar jelly with whipping cream
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80g strawberries with single cream 
Small slice of melon
Snacks
In addition to the snacks from induction keep some nuts or seeds handy.
Recipes
Chicken Salad
2 large chicken breasts (cooked)
2 large gherkins, chopped
3 hard-boiled eggs, chopped 
3 spring onions, chopped
70 mis mayonnaise 
70 mis soured cream 
23 tblsp dill 
60g pecan halves
Cut meat into strips and combine with other ingredients
Salmon Salad
1 x 213g tin of salmon
2 chopped spring onions 
\  stick of celery
3 tblsp Roquefort dressing (see below)
Remove bone and skin from salmon. Break into chunks in a bowl and mix 
with onions and celery. Pour over dressing and serve with watercress, 
rocket and endive
Roquefort Dressing
60mls (2 f  I oz) tarragon vinegar
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6 tblsp olive oil 
2 tbsps whipping cream 
y  tsp lemon juice 
30g crumbed Roquefort cheese 
Seasoning
Beat liquid ingredients together and s tir in the  cheese 
£uacamole
1 ripe avocado, cubed
2 medium tomatoes, cubed 
1 medium onion, mined
2-3 tblsp chopped coriander 
1 tsp salt 
1 tsp lemon juice
Mix all chopped ingredients together and chill
Salmon with bearnaise sauce
4 salmon steaks 
230 mis /  8 f  I oz chicken stock 
230 mis /8  fl oz white wine 
1 bay leaf
Put the salmon in a frying pan with remaining ingredients and simmer 
gently for 10-15 minutes
Sauce:
3 egg yolks
230 mis /8  fl oz warm butter 
1 tblsp chopped tarragon 
3 tblsp white wine vinegar 
Seasoning 
1 shallot, chopped
1. Place tarragon, vinegar, shallot and seasoning in a pan and simmer 
until 1 tblsp on liquid remains. Strain
2. Put the egg yolks in a bowl and drained liquid and beat them gently 
over a gently heat (bain-marie) until they acquire a ribbon texture.
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3. Add the melted butter slowly. Keep beating the mixture until all 
the butter has been incorporated
4. Removed the  pan from the heat and mix in chopped tarragon 
Beef Stroganoff
2 tblsp chopped parsley
2 large onions, finely chopped 
450g /  1 lbs mushrooms, sliced 
900g /  21b sirloin, cut into strips 
1 \  tblsp dry mustard
120mls /  4 f  I oz soured cream
3 tblsp tomato ketchup 
3 tblsp oil 
Seasoning
1. Combine mustard, ketchup and enough hot water to form a thick 
paste.
2. Saute onions and mushrooms in 2 tblsp of oil until golden and soft. 
Remove with slotted spoon and transfer to a large casserole
3. Add remaining oil to the  pan and saute meat strips in batches. 
Transfer meat to casserole
4. Put mustard paste and soured cream in a frying pan with remaining 
juice. S tir gently until all ingredients are smoothly mixed
5. Put over meat and onions and mix well. Gently simmer until hot
6. Sprinkle with parsley and season.
Coq au vin
1.8 kg /  41b chicken
llOg /  4 oz bacon, diced
60g/ 2 oz butter
230 mis /  8 f  I oz red wine
230 mis /  8 f  I oz chicken stock
3 cloves of garlic
1 bay leaf
2 large onions
450g mushrooms, sliced 
Seasoning
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1. Saute diced bacon in butter until golden. Removed form the pan
2. Brown chicken in bacon fa t and remove
3. Saute onions and mushrooms
4. Return chicken and bacon to the pan. Add stock, garlic, wine and 
bay leaf.
5. Simmer gently for 40 mins to 1 hour in uncovered frying pan
6. Season
Chicken Curry
4 chicken breasts, chopped
2 onions, finely chopped
3 cloves of garlic, crushed 
1 tblsp turmeric
1 tblsp ground cumin
1 tblsp ground ginger
1 tblsp chilli powder
55g /  2 oz butter
230 mis /  8 f  I oz whipping cream
230 mis /  2 f  I oz hot water
Seasoning
1. saute chicken pieces in butter until golden, remove
2. Gently saute onions, garlic and all remaining condiments for 2-3 
minutes, stirring constantly
3. Place chicken into sauce. Add hot water and cream
4. Simmer until chicken is tender and sauce is reduced
Stuffed Peppers
8 medium peppers
2 large onions, finely chopped
900g /  2 lb meat loaf mixture (see induction recipe)
1 tsp dried dill
2 tblsp vegetable oil
1 large carrot, grated
120 mis /4  f  I oz chicken stock
230 mis /8  f  I oz soured cream
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Seasoning
1. Saute onions in frying pan until golden. Add mea tmixture, 
seasoning and dill. Brown for 15 minutes. Allow to cool
2. Wash and core peppers. Fill with meat mixture and place open side 
up in a large casserole
3. Combine chicken stock and tomato puree and pour over peppers. 
Sprinkle grated carrot on tip of peppers
4. Cover and cook a t 190 °C /375  °F /gas mark 5 until peppers are 
cooked
5. Add soured cream to serve
Broccoli Frittata
4 eggs
llOg /4  oz cooked broccoli florets 
1 large onion,. Thinly sliced 
230g /1 /2  lb mushrooms, thinly sliced 
55g /2  oz butter
30g / I  oz grated parmesan cheese 
1 tsp bicarbonate of soda 
Parsley
1. Saute onions and mushrooms in 2/3 rds of the butter. Remove 
from the hob
2. Put eggs, bicarbonate of soda and seasoning in a bowl and beat 
well. Add onions, mushrooms and broccoli and mix well
3. Add remaining butter to the  pan and pour in egg mixture. Tilt pan 
to cover bottom with mixture
4. Fry eggs until they begin to set. Sprinkle with parmesan cheese 
and place under medium-hot frill until golden
Eggs Florentine
430g /15 oz cooked spinach 
6 eggs
318
1 recipe cheese sauce (see induction recipe)
Seasoning
1.Preheat oven to 180°C /350°F /gas mark 4
2. Drain cooked spinach well and chop finely. Place in a shallow baking 
dish with seasoning
3. Make a hole for each egg in spinach. Break eggs into hole
4. Prepare cheese sauce and pour over eggs and spinach
5. Bake for 25 minutes
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W h a t  d i d  y o u  d o ?
Date; Day of AM We e k.
Time pedometer put on at beginning of day:_______  PedomeferTeacftna  ,______steps
Time started Time slopped Activity
....
..........  J ..........  1 . . . ......................................................................................................... i
.......................:..J .. ■ .....-...1............
.... 1........................................................4 - . - ..................................- -  .................................i 1 ...................
U_____  • r _ _ _ J L _ ..... ............ . ...... ...... .............  .......... :... ................................. J
Time pedometer taken off at end of day; Pedometer reading
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